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Foreword

I was both delighted and honoured when asked by Carl and Jill to write the
foreword to this excellent nursing book. Having worked with them in varying
capacities over the past six years, I have long appreciated their knowledge,
understanding and expertise within this specialist field of patient care. When any
author sets out to write, the most important tool for the task is credibility. It is
upon this foundation that the book is written, with both authors having shaped
nursing practice for many years through their teaching and encouragement of
post registration nurses who accessed ENB 249 and 254 courses. Both authors
remain firmly in touch with the contemporary issues that influence nursing
within a modern NHS, and are respected for their ongoing support of the clinical
team. A vital contribution of health care educators and their ability to help shape
patient care in the twenty-first century.

The book itself is written with this in mind. It is not a reflective dialogue of the
many changes and challenges that the nursing profession have had to meet head
on over the past two decades. It is more a recognition of where the profession and
cardiothoracic surgical nursing are at, and how they need to continue to develop.
It reflects current socio-political and professional thinking, in mapping the patient
journey from early symptoms, hospitalisation through to returning home. It
successfully enables the reader to appreciate the size of the challenge from an
epidemiological perspective; deepens their understanding of physiological and
pathophysiological principles; maps the patient journey in the peri-operative
period, through the experience of surgery to post-operative recovery and reha-
bilitation. This book is not a snapshot of cardiothoracic surgical patient care, but
more a considered and reflective account that is based on understanding and
intuition of how nurses can meet the challenges of patients and their families’
needs.

It is written with the post-registration student in mind, supporting many of the

vii



viii  Foreword

excellent undergraduate specialist cardiothoracic pathways that shape both
thinking and practice. To this end it will be an invaluable test, giving wide
coverage of the essential areas of knowledge and expertise that the cardiothoracic
surgical nurse needs to develop. It reflects the authors’ passion for the subject,
their compassion for the patient and their commitment to the profession. Enjoy
the journey.

Dr Ian Bullock
Head of Education and Training
Royal Brompton and Harefield NHS Trust



Preface

Cardiothoracic surgical nursing has undergone immense change over the past
decade, owing in part to professional, economic and societal changes. The profile
of patients undergoing cardiothoracic surgery has also changed as cardiothoracic
surgery is performed upon the more elderly, the high-risk or those with co-
morbidity. Although previously considered at too high a risk for surgery,
improved surgical techniques, pharmacology and pre- and post-operative care
have resulted in a successful outcome for many patients and a return to an
improved quality of life.

The specialisation of cardiothoracic nursing has developed to meet the chall-
enge of the above changes. However, at this time, there is ongoing debate
regarding evolving roles, blurring of professional boundaries, generic practi-
tioners and a multi-skilled workforce. Cardiothoracic nurses must remain focused
upon their unique contribution to patient outcome, and this text explores some of
these important issues. Yet as these developments continue, nursing research and
education must also keep up the pace. For example, nursing interventions such as
new models for patient education or rehabilitation must develop from an evi-
dence base.

This text has posed a challenge to the authors. Even during its writing, practices
have changed. One such change resulted from the patient choice initiative, which
in itself provides the cardiothoracic surgical nurse with many more challenges
and opportunities. We hope that this will be a useful text for nurses working in
this exciting field and that it may contribute in some way to the development of
innovative and creative cardiothoracic nursing practice.

Carl Margereson and Jillian Riley
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The Development of
Cardiothoracic Surgical Nursing

Cardiothoracic surgical nursing is currently undergoing immense change. This
has been assisted by several factors: the recent government papers such as the
National Service Frameworks (DoH 2000a) and the NHS Plan (DoH 2000b), the
shift in care towards greater patient acuity in hospital and more specialist care in
the community, improved technology and drug therapy, and the growing number
of older people undergoing major surgery. There have also been major pro-
fessional, economic and societal changes that have impacted not only upon the
management of the patient journey but also upon patient expectations.

Cardiothoracic surgery has developed tremendously over the past years. It was
following the removal of bullets from the chest, particularly during World War II,
that the early pioneers of surgery realised that the heart could be successfully
manipulated during surgery (Cooley & Frazier 2000). This led to the beginnings of
cardiac surgery, although upon a closed heart. The Vineberg operation was used
to implant the internal mammary artery directly into the left ventricle, and
successfully relieved angina (Thomas 2000). However, it was not until the early
1950s and the development of the cardiopulmonary bypass circuit, that open-
heart surgery could develop towards that known today. Around this same time,
major developments in positive pressure ventilation improved the post-operative
management of patients and contributed to successful outcomes. The first cor-
onary artery bypass surgery was performed in 1964 (Cooley & Frazier 2000) and
since then surgery for revascularisation has developed further. Resulting from
advances in both technology and pharmacology, current work surrounds beating
heart, minimally invasive and endoscopic cardiac surgery.

There have been similar developments in the treatment of valvular heart dis-
ease, where the dilation of stenosed valves with the finger and mechanical dilators
has led to the use of balloons inserted percutaneously for the same purpose. Valve
replacement with mechanical valves enabled both the stenosed and regurgitant
valve to be corrected. From the early ball and cage device, tissue valves such as
homograft valves are now used in increasing numbers.

Thoracic surgery has also developed over the past 50 years, largely owing to
improvement in anaesthetic techniques and post-operative ventilatory support.
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Since the 1980s, progress has included developments in both lung and heart
transplantation with improved techniques for tracheal resection and reconstruc-
tion. The use of video-assisted techniques of thoracic surgery and lung volume
reduction for emphysema continues to gather momentum. An important factor,
which will dictate how thoracic surgery evolves over the next decade, is cancer
research. It is predicted that staging will be enhanced by monoclonal antibodies
and new technology and that more lung-sparing techniques will be carried out
with expansion of pre-operative and post-operative adjuvant treatment pro-
grammes (Faber 1993).

Thoracic surgical procedures range from those which are relatively straight-
forward to those where risk is considerable. The profile of patients coming for-
ward for surgery varies enormously, from the young, fit male requiring
pleurodesis, to the high-risk patient who requires major reconstructive surgery
perhaps because of malignancy. This great range poses a real challenge to the
cardiothoracic nurse as health needs vary greatly between individuals and across
different patient groups, with outcome often difficult to predict.

Specialisation in medicine and surgery has led to many scientific advances, and
expert practice has evolved as a result of specialisation in surgery. This has been
mirrored in nursing, where practitioners have focused on either cardiac or thor-
acic care in terms of career development. The pernicious effects of sub-
specialisation have been commented upon, and it is argued that there is danger of
the speciality as an entity being diminished (Anderson 1999). Such a trend could
also contribute to some areas being underfunded in terms of research and training
where ‘cutting edge’ initiatives receive the lion’s share of resources, leaving other
areas struggling. If funding is poor for medical research and education in some of
the less glamorous areas of cardiothoracic work, then funding for nursing is likely
to be even worse.

Given the scale of respiratory disease in the UK today it is unfortunate that the
government does not appear to see this as a priority, as at the time of writing there
is still no national service framework for respiratory illness. Partridge (2002)
argues that, in the management of lung cancer, the same surgeons who are being
pressured to deliver results in coronary artery bypass surgery are also being asked
to provide prompt surgery for lung cancer. Yet with 40,000 new cases of lung
cancer in the UK each year, only 10% of patients have lung resections compared
with 24% in Holland (Damhuis & Schutte 1996) and 25% in the USA (Fry & Menck
1996). With the current pattern of pulmonary morbidity there will be an increasing
need for thoracic surgeons and cardiothoracic nurses for quite some time to come.

With all the developments in cardiothoracic surgery, many patients previously
considered too high a risk for surgery, are now operated upon and the skills of the
whole team have had to grow to accommodate these changes. For some cardio-
thoracic surgical nurses this has resulted in the development of acute care skills
and learning new techniques to manage and support the post-operative course.
For the patient, these advances have led to less risk of complications, a shorter
hospital stay and a quicker return to an active life (Dunstan & Riddle 1977). Yet
this shorter stay has decreased the contact time of the hospital nurse with the
patient. It emphasises the need to alter models of care delivery while raising the
importance of bridging the hospital-community interface through schemes such
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as ‘Hospital at home” and liaison services (Penque ef al. 1999; Brennan et al. 2001).
Performing surgery on the elderly or on those with co-morbidity also has a huge
social impact and developments in social care and health care must continue in
parallel. Operating on the sick or elderly, only to have them remain in hospital
with the increased likelihood of developing hospital-acquired complications,
would appear to be counterproductive.

Another major development over the past decade has been in the pre-operative
assessment and preparation for surgery, and this is likely to continue as nurses
develop a more proactive, specialist role in coordinating the patient journey.
Possibly started from an interest in rehabilitation and fuelled by the National
Service Framework for coronary heart disease (DoH 2000a) and the NHS
modernisation plan (DoH 2000b), the concepts of pre-operative assessment, fit-
ness for surgery and the expert patient have developed. The cardiothoracic sur-
gical nurse has consequently developed knowledge and skills in health
promotion, secondary prevention and rehabilitation (Latter et al. 1992). Cardio-
thoracic surgery is frequently associated with a position of ill health, which may
be influenced favourably by the surgery itself. This means that the cardiothoracic
surgical nurse, while caring for the individual when sick, is in a position to offer
health promotion advice as well and to assist the patient to reach their full health
potential.

The nursing profession has also driven several of these changes, initiating
nursing roles and alternative models of health care. The Scope of Professional
Practice (UKCC 1992) may have given rise to the dawn of many of these roles. It
enabled individual nurses to take responsibility for their actions and the expan-
sion of their services. It emphasised professional accountability in deciding the
boundaries of each individual nurse’s responsibility and enabled roles such as the
nurse anaesthetist or surgeon’s assistant to become established. These nurses,
through embodying the focus of nursing, accompany surgeons on ward rounds
and undertake physical assessments and thus contribute towards the whole
assessment process. More recently there has been the development of indepen-
dent roles such as the nurse consultant (Manley 1997), an expert practitioner in
nursing a specific patient group. Possibilities for their role in the care of the patient
undergoing cardiothoracic surgery are therefore clear: assisting the provision of
seamless care from the pre-admission preparation to returning home, providing
an expert outreach service, managing ventilator or inotropic weaning are a few
examples.

Yet the care of the cardiothoracic surgical patient requires teamwork from both
within and without the hospital setting. Understanding the contribution that each
profession makes to the team is not straightforward. Learning together and what
has come to be referred to as interprofessional learning, may enhance clinical
effectiveness through increased understanding of each professions role (DoH
1997; Rolls et al. 2002). An early example of this in the UK is in the teaching of
advanced life support skills. This approach has proved successful in developing
the emergency team for cardiac arrest (Nolan & Mitchell 1999; Bullock 2000). It
serves to bring the professions together and develop the necessary knowledge and
skills while demonstrating the unique contribution that each profession has to
patient care and outcome. However, there has also been much recent discussion
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upon flexible multi-professional teamwork and cross-boundary working. These
developments should be regarded cautiously for their implications for the future
of the nursing profession.

Education will continue to be important in the development of the cardio-
thoracic surgical nurse. Pre-registration courses prepare nurses to work in a
variety of care settings, yet specialist care requires further development of this
knowledge and skills, and cardiothoracic courses are now offered at degree level.
Within such specialist education, research must also be given a greater emphasis
as nurses develop the evidence for care and evaluate new practices. Nursing
therefore has to plan a framework for this career development that encourages the
development of the cardiothoracic surgical nurse from post-registration towards
doctorate level and beyond (Riley et al. 2003). Figure 1.1 outlines a possible
framework.

Development of a cardiothoracic surgical nurse (knowledge)
Political/professional issues

Evidence-based practice

Research Advanced post-
registration
development
Physical assessment Higher degree
MSc/MPhil/PhD

Medico-legal aspects

Advanced life support

Applied pharmacology

Applied pathophysiology and case management

Applied anatomy and physiology Intermediate post-

Interdisciplinary working registration
development

First degree

Pain management Specialist pathway

Prevention/promotion/rehabilitation

Basic pharmacology

Critical reading of research/audit and literature 2

Professional development/clinical governance -
) ) Immediate post-
Immediate life support registration

Basic electrophysiology development

Basic pathophysiology

Descriptive anatomy and physiology

Fig. 1.1 A framework for cardiothoracic surgical nursing.

We should also want our profession to provide for the education of those who
follow. This was reflected in the grading system for nurses, making explicit their
role as a teacher, and is an important component of the nurse consultant role
(Manley 1997). The continued development of cardiothoracic surgical nursing
requires expertise in enabling others to learn so that the same high standards of
care delivered by us to our patients can be preserved and developed further in
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those that follow. Thus, both the science and art of nursing may be taught and
preserved. Utilising examples of clinical nursing and acting as role models may be
an effective way to achieve this, and the pre-admission clinic provides an excellent
forum for learning, enabling the nurse to develop skills in both the interpretation
of physiological data, psychological assessment, communication and patient
education.

Evidence-based health care is also gaining popularity. It is increasingly
important that nursing interventions are derived from a research base and able to
withstand strict scrutiny. Purchasers of health care, patients and their families
both expect and deserve the best care, and nursing actions should be evaluated
and developed. So nurses must incorporate nursing research into their practice,
appraising research, implementing findings and developing new studies.
Although the current climate suggests that randomised controlled trials are the
gold standard for research, such trials may not be the most appropriate method to
study the individual response to treatment. Nursing research should continue to
adopt a multiple paradigm approach.

Cardiothoracic surgery has undergone major developments over the past 80
years, which have moved the service forward in a way that previously was only
dreamt about. Yet the provision of care continues to require a careful balance of
both the art and science of nursing. By ensuring this balance, we can continue to
provide skilful, decisive and compassionate care.
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In the nineteenth century, life expectancy was only around 40 years, but today it
has almost doubled at 74 years for men and 78 years for women. Over the past 100
years there have been major changes in the causes of death in developed coun-
tries, with circulatory disease and cancer taking over from infectious diseases. In
poorer countries, however, communicable diseases remain the major cause of
death. Worldwide, cardiovascular diseases are the most common cause of death
and a substantial source of chronic disability and health care costs. Primary care
consultations are far greater for respiratory problems than any other disease
group and this has been increasing over the past 15 years. However, respiratory
problems are still grossly under-recognised. The British Lung Foundation (1996)
suggests that 50 years ago no one would have predicted the prevalence of
respiratory disease both nationally and worldwide.
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Cardiac disease

In the UK there has been a decline in the death rate from coronary heart disease
(CHD) for adults under the age of 75 years by 31% over the past ten years but
unfortunately the rate is still among the highest in the world. In the UK, cardio-
vascular disease accounts for over 235000 deaths a year, mainly CHD and stroke.
CHD is the most common cause of death in the UK, with 125000 deaths a year
accounting for 1 in 4 deaths in men (Fig. 2.1(a)) and 1 in 6 in women (Fig. 2.1(b)).
CHD is responsible for 24% of premature deaths in men and 14% in women. There
are 149 000 heart attacks each year in men of all ages and about 125000 each year
in women, an approximate fatality rate of 50%, with 25-30% dying before reaching

Respiratory disease 16%

Other cancer 17%

Colo-rectal cancer 3% Injuries and poisoning 4%

Lung cancer 7%

All other causes 13%

Other cardiovascular
disease 8%

Stroke 8%
Coronary heart disease 24%

Other cancer 13%

Respiratory disease 19%
Colo-rectal cancer 2%
Breast cancer 4%

Injuries and poisoning 2%
Lung cancer 4% ) P g7

Other cardiovascular

H 0,
disease 9% All other causes 18%

Stroke 12%

(b) Coronary heart disease 17%

Fig. 2.1 Deaths by cause, 2000, UK. (a) Men. (b) Women. From Petersen & Rayner (2002),
with permission.
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hospital. In the UK, 1.1 million men and 1 million women have had angina. There
is little data on heart failure but the crude incidence rate is 140 per 100000
annually for men and 120 per 100000 for women, with 33 000 and 30000 new
cases, respectively, in the UK (Petersen & Rayner 2002).

In economic terms, CHD costs the UK health service about £1.6 billion a year,
with hospital care accounting for 55% of the cost. Only a very modest amount of
this (1%), however, is spent on the prevention of CHD. In total, with loss of
income, CHD cost the UK more than £8.5 billion in 1996 (Petersen & Rayner 2002).
Health service expenditure includes about 28 000 angioplasties and just under
28000 coronary bypass operations each year, although rates vary between
National Health Service districts.

Although the incidence of valvular heart disease in the UK has reduced over the
past 50 years, it is still responsible for significant morbidity. This decline has been
led by the reduction in rheumatic heart disease seen throughout the western
world (Julian et al. 1996). However, with the global movement of populations this
pattern appears to be changing and the current re-emergence of rheumatic heart
disease in the UK may yet lead to an increase in the number of people developing
mitral valve disease. Interestingly, although this has led to a reduction in the
number of people with mitral valve disease, the increased longevity of life enjoyed
by many has led to a corresponding increase in the number of people presenting
with stenosis of the aortic valve. Although the process of aortic valve stenosis is
now thought to be inflammatory rather than degenerative, symptoms are more
likely to occur in those aged between 70 and 80 years (Otto 2002). In a subset of
these, surgical replacement will be required.

The number of adults with congenital heart disease is also increasing and this
has been influenced by improvements in management during childhood. Surgical
techniques and pharmacological therapy have developed, while there has been
some improvement noted in socio-economic situations. People with complex
heart defects are increasingly living into adulthood where they may develop
further problems with their congenital heart defect or even acquired heart disease.
This will add to the complexity of cardiothoracic surgical nursing over the next
few decades.

Respiratory disease

In a recent publication, statistical data was for the first time, made available
regarding the total impact of respiratory disease in the UK (British Thoracic
Society 2001). This data shows that respiratory disease now kills more people than
CHD, and in 1999 was responsible for 153 000 deaths. Since 1968, the death rate
from respiratory disease has decreased by 31% while death rates from CHD have
fallen by around 53%. The total cost to the NHS of all respiratory diseases was
over £2.5 billion in 2000. Although respiratory problems are the largest single
cause of certified absence from work in both men and women, with 7% of adults
reporting long-term respiratory illness, not all require surgical intervention. In
1999/2000 there were 10500 operations for respiratory disease with 40% (4288)
being for the treatment of lung cancer (British Thoracic Society 2001).
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Lung cancer

Lung cancer accounts for 20% of all cancers and is responsible for 24% of all cancer
deaths in the UK (Doll & Peto 1996). Overwhelming evidence has been available
for some time to show that smoking is a major cause of lung cancer, but with many
people still smoking, physicians and surgeons are likely to be busy for some time
yet, with 40 000 new cases diagnosed each year.

Resection of a tumour offers the best chance of a cure and this is an option
mainly for patients with stage I or Il non-small-cell lung cancer, where 30% may be
responsive (Morgan 1996). More effective staging procedures have led to a fall in
the number of patients undergoing unnecessary thoracotomy, but the five-year
survival rate is still only 35-40%. The extent of the procedure will depend on many
factors not least the patient’s general condition but may include removal of a
whole lung (mortality 8%), lobe (mortality <2%), segment or wedge (mortality
0.5%). Recent studies have shown that specialist management is associated with
better outcomes than management by non-specialists, and patients should have
access to tertiary services for thoracic surgery (DoH 1998).

Advanced age need not preclude surgical intervention for lung cancer and in
appropriately selected patients mortality rates are similar to those seen in younger
patients (Pagni et al. 1998; Hanagiri et al. 1999). However, pneumonectomy carries
significantly higher risk for elderly patients. Further randomised controlled data
is needed regarding induction chemotherapy in stage II or IIIA disease and the
comparative role of radiotherapy in patients with poor respiratory function or
with chest wall involvement (Edwards & Waller 2001).

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is very common in the UK, with
consultation rates estimated to be four times greater than those for angina (British
Thoracic Society 1997). In general practice the consultation rates per 10000
population rise from 417 at age 45-64, to 886 at age 65-74 and 1032 at age 75-84.
Only 1 in 4 cases are recognised and the quality of life of people with COPD is
among the worse of all chronic illness groups. Two main disorders fall under this
heading: chronic bronchitis and emphysema. Smoking is the major cause of both
diseases. A small subgroup of patients with emphysema have a deficiency of o,
anti-trypsin.

Treatment of COPD consists mainly of smoking cessation and drug therapy
with anticholinergics (ipratropium bromide) and 3, agonists (salbutamol). Anti-
biotics are required for secondary infection. Steroids may be prescribed, although
generally, results are disappointing. Domiciliary oxygen may be required for
patients with chronic respiratory failure. As the disease progresses, for selected
patients surgery may be considered including bullectomy, lung volume reduction
and single lung transplantation.

Bronchiectasis

Bronchiectasis is a disorder of the respiratory tract where damage to the large
airways results in abnormal dilation with poor clearance and pooling of mucus
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(Cole 1995). This damage may occur as a result of earlier pathology such as
whooping cough, pneumonia and measles. Although bronchiectasis may be
initiated in childhood, as a rule problems do not manifest until adulthood when
individuals are prone to chronic lower respiratory tract infections (Wilson et al.
1997). Treatment is usually medical, with intensive postural drainage. Recurrent
infections with pneumonia despite maximum therapy may necessitate surgical
resection of affected lung portions.

Interstitial lung disease

Interstitial lung disease (ILD) involves inflammation of the alveolar walls and
adjacent spaces and includes around 130 different disorders, some of which may
progress to a fibrosing stage eventually causing respiratory failure. Interstitial
lung diseases are viewed as a diverse group of disorders classified together
because of common clinical, radiographic, physiological and pathological features
(Bouros et al. 1997). Most patients present with insidious onset of exertional
breathlessness and diffuse alveolar or interstitial pattern on chest radiography.
Cryptogenic (idiopathic) fibrosing alveolitis (CFA) is an ILD with the worst
prognosis and the median survival is five years with only 25% of patients
obtaining objective improvement to corticosteroid therapy (Turner-Warwick et al.
1980; du Bois 1990). There is also a greater risk of patients with CFA developing
lung cancer.

For many patients with ILD the major physiological features will be breath-
lessness on exertion due to oxygen desaturation during exercise, chronic dry
cough, eventual hypoxaemia and hypercapnia and finally respiratory and heart
failure (Fulmer 1982). The pulmonary changes in ILD result in a restrictive ven-
tilatory pattern. This is in contrast to the obstructive pattern seen in disorders
such as COPD and asthma. A restrictive ventilatory pattern typically presents
with:

reduced lung volume and compliance
minimal derangement of airflow
impaired gas exchange

pulmonary hypertension

Although the mainstay of treatment for many patients with ILD is pharmaco-
logical, often with powerful immunosuppressive agents, for some interstitial
diseases (e.g. idiopathic pulmonary fibrosis) single lung transplantation may be
possible for selected patients with end-stage disease (Sulica et al. 2001).
Although early mortality is high (9-14%) in some groups, survival benefit has
been demonstrated with transplantation in patients with idiopathic pulmonary
fibrosis compared with medical treatment (Hosenpud et al. 1998) and improve-
ments have been shown in lung volumes, exercise tolerance, gas exchange, pul-
monary haemodynamics (Grossman et al. 1990; Bjortuft et al. 1996) and quality
of life (Stavem et al. 2000). Unfortunately, despite increasing numbers present-
ing for transplantation there has not been a corresponding increase in available
organs.
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Other respiratory disorders

Examples of other disorders which may require thoracic surgical intervention
include:

Removal of benign tumours (5% of all lung tumours)

Oesophageal carcinoma

Removal of cysts (e.g. epithelial and emphysematous)

Pneumothorax

Pleural effusions (malignant/non malignant)

Lung abscess

Empyema thoracis

Correction of pectus excavatum (funnel chest) and pectus carinatum (pigeon
chest)

Epidemiology and risk factors

Epidemiology is an important science and epidemiologists have assumed a more
dominant role in contemporary health care policy. It is epidemiology which
measures how healthy and unhealthy we are at both national and local levels. The
incidence and prevalence of various diseases can be determined, and by studying
demographic changes, predictions and suggestions can be made about the course
which effective health care policy should take. Epidemiological studies can
identify patterns regarding the occurrence of individual diseases together with
possible risk factors, which can be further tested in intervention studies where the
impact on health of any risk modification is measured. Epidemiology is an
intrinsic part of the public health movement.

Why is epidemiology important for surgical nurses caring for patients follow-
ing cardiothoracic surgery? Health services are under ever increasing pressure,
and with finite resources health spending needs to be a rational process based on
sound epidemiological studies and valid assessment of need. Awareness of the
wider issues of health care, particularly concerning resource allocation in cardiac
and respiratory disease, is vital so that nurses can contribute to the ongoing debate
in this area. Developing effective health care models where nurses have a more
proactive role is not without resource implications, and appropriate evidence
needs to be presented in an authoritative way.

Surgical nurses have an important role to play in health promotion, and find-
ings from epidemiological studies can be useful here too. Knowledge of risk
factors is necessary where assistance with lifestyle modification may be needed.
An overview of risk factors is given later in this section. Although patients will
need specific information about their surgical recovery, for example wound care
and medication, other information regarding how to optimise health in general
should be available and is often welcome. This is important not only for patients
with cardiac disease but also for those undergoing thoracic surgery and indeed all
patient groups that the nurse might encounter. Any health promotion, however,
needs to be realistic as the goals will vary from patient to patient. Although group
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sessions are useful, they often need to be followed up with individual consul-
tation.

Many might argue that with upcoming surgery, modification of lifestyle is the
last thing on the patient’s mind. However, in the pre-operative period, knowledge
and skill deficits can be identified and these can be addressed subsequently in the
post-operative period and following discharge. Periods of hospitalisation for
surgery are shorter nowadays with more cases performed on a day-case basis. The
nurse should not only be concerned with the period of hospitalisation but also
ensure that health care delivery programmes in the surgical setting meet the
health promotion needs of patients, if not during, then before and following
hospitalisation.

Any attempt to assist in lifestyle modification must, however, be carried out
with a sound knowledge of causation. Heart and lung disease are not simply
caused by unhealthy diets, smoking and other risky behaviours. Both medical and
social models of health need to be employed to understand causation and to
develop effective intervention strategies. Knowledge of the many different factors
involved in the development of disease will help to ensure that any health pro-
motion role is carried out realistically and sensitively. We are deluged by the
media with stories of various risks we are exposed to, and this often generates a
great deal of confusion. The nurse should be a useful resource for the patient and
be able to offer suggestions on how to promote health in the recovery period
following surgery and beyond. Keeping abreast of all developments in this area is
therefore crucial.

Risk factors

Many prospective epidemiological studies have been undertaken not only
regarding the prevalence of heart disease but also to identify risk factors which
predict to some degree the CHD mortality rate. Identified risk factors are
important both for assessment of risk and as targets for interventions. Risk factors
may be classified as follows (Grundy 1999):

m Causal
m Conditional
m Predisposing

Causal risk factors

Major causal risk factors for CHD are cigarette smoking; high blood pressure;
elevated LDL, low HDL cholesterol; high triglycerides; and high plasma glucose
(Wilson et al. 1998). The importance of these risk factors was first highlighted by
two important longitudinal studies: the British Regional Heart Study (Shaper et al.
1981) and the Framingham Study (Dawber 1980). It is assumed that if both the risk
of the disease and the risk of death from all causes are reduced, then the factor is
an independent causal risk factor.
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Smoking

An important 40-year longitudinal study in the UK demonstrated conclusively the
association between smoking and the development of a number of diseases,
including heart disease and lung cancer (Doll et al. 1994). In patients with CHD,
smoking is responsible for 20% of male deaths and 17% of female deaths, and yet
28% of men and 26% of women in the UK still smoke. Health behaviours are
extremely complex and some of the cognitions responsible for behaviour are very
resistant to modification. Cigarette smoking in adolescents is increasing, parti-
cularly among girls. About 9% of boys and 11% of girls aged 11-15 years are
regular smokers. Although overall there has been a decline in smoking, rates vary
across different age groups.

It is argued that half of all smokers will die of a smoking-related disease; half in
middle age and half in old age, with a 1 in 4 risk of dying in middle age, so losing
20-25 years of a non-smoker’s life expectancy (Peto et al. 1996). Passive smoking is
now taken more seriously as far as it increases the risk of ischaemic heart disease
and respiratory disease (Tunstall-Pedoe et al. 1995).

Cholesterol

Average levels of cholesterol in the UK are 5.5 mmol/l for men and over 5.6
mmol for women, although significant numbers have levels above 6.5 mmol/1
(Lockhart et al. 2000). The strength of the relationship between cholesterol and
CHD is greatest in younger people (Law et al. 1994). Ideal levels for total
cholesterol should be 5 mmol/1 and below, and less than 3 mmol/l for low-
density lipoproteins (LDL). There is evidence to show that certain statins can
reduce both risk and incidence of myocardial infarction (MI) (Evans & Rees
2002), although these should only be used in primary prevention of MI in high-
risk patients in addition to other interventions such as exercise and dietary
modification.

Plant sterols

There is evidence to suggest that plant sterols have a dose-dependent effect,
lowering LDL cholesterol levels, while raising HDL (high-density lipoprotein)
cholesterol. Sterols are similar to cholesterol but are not absorbed in the human
gastrointestinal tract and also have the ability to inhibit the absorption of
cholesterol. Various margarines have been marketed containing plant sterols but
it is important to remember that these are still high in calories.

Polyunsaturated fatty acids and antioxidants

Increased intake of oily fish containing large amounts of n-3 polyunsaturated fatty
acids (PUFAs) have been linked with a reduced incidence of CHD. And while
there is support for the use of antioxidants in inhibiting the processes of athero-
sclerosis and thrombosis (Diaz et al. 1997), there is inadequate evidence from large
randomised trials to support benefits from antioxidant supplementation (Tribble
1999). General advice should include consumption of a balanced diet with
emphasis on antioxidant-rich fruit and vegetables and whole grains. Antioxidants
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may protect against free-radical-initiated damage and protect LDL cholesterol
from oxidation. Similarly there are suggestions that antioxidants may have some
effect on preventing pulmonary tissue damage, although work in this area is
ongoing.

Flavonoids

There has been a great deal of attention in the popular press given to the protective
effects of flavonoids. These are a large group of polyphenolic antioxidants that
occur naturally in vegetables and fruits and in beverages such as tea and wine.
Flavonoids in regularly consumed foods may reduce the risk of death from CHD
in elderly men (Hertog 1993).

Alcohol

Patients often seek information about alcohol intake. The benefits of regular, light
alcohol consumption for middle-aged men and women has been highlighted
(DoH 1995). Abstainers have a greater burden of ill health than moderate drinkers,
regardless of their previous drinking status. The protective effect of moderate
alcohol consumption is related to (Criqui & Ringel 1994):

Increase in HDL

Reduction in plasma fibrinogen
Decreased platelet aggregation
Reduced triglycerides

The protective effect against CHD in moderate drinkers is lost rapidly if they
stop drinking. Excessive alcohol intake will increase blood pressure, but regular
consumption of moderate alcohol can reduce the build-up of fibrous plaque and
reduce likelihood of a blood clot. Consumption of one alcoholic drink every one to
two days appears to have a lower risk of myocardial infarction compared with
either heavy alcohol or abstention (Mukamal et al. 2001).

Blood pressure

Raised blood pressure is a major risk factor for stroke and CHD, with 40% attri-
butable to a systolic blood pressure of >140mmHg (Marmot 1992). Blood
pressure levels are high in the UK yet for each 5mmHg reduction in blood
pressure the risk of CHD is reduced by about 16%. The British Hypertension
Society (Ramsay et al. 1999) now recommends that drug treatment should be
considered for individuals with blood pressures of 140/90 mmHg and over. For
young, middle-aged, diabetic hypertensive patients and patients with a history
of MI, the levels should be <130/85mmHg, and <140/90 mmHg for elderly
patients. Lifestyle measures that have been shown to reduce blood pressure are
reducing salt and alcohol intake where appropriate, weight loss, and to a lesser
extent, stress control and exercise (Alderman 1994). Diets rich in fruit and vege-
tables and low in total and saturated fats may also lower blood pressure (Appel
et al. 1997).
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Conditional risk factors

Conditional risk factors are associated with an increased risk for CHD but there is
uncertain evidence about causation. Such factors include elevated serum trigly-
cerides, homocysteine and coagulation factors (e.g. fibrinogen and plasminogen
activator inhibitor-1.) Homocysteine, a normal constituent of blood is produced
by the catabolism of dietary proteins, and normal values are 7-14 mmol/l. Raised
levels, however, are linked with CHD and stroke. This may be due to a deficiency
of vitamin B12, B6 and folate causing hyperhomocysteinaemia, estimated to be
present in 1-2% of the general population.

Because atherosclerosis is an inflammatory process (Ross 1999), several plasma
markers of inflammation have also been evaluated as potential tools for prediction
of the risk of CHD. These markers include C reactive protein, serum amyloid A
and interleukin-6, and some of these inflammatory markers have shown sig-
nificance in postmenopausal women (Ridker et al. 2000).

Predisposing risk factors

Predisposing factors may intensify the causal risk factors in some way and in
CHD include:

Obesity

Physical inactivity

Family history (e.g. of premature CHD)
Gender

Behavioural factors

Socio-economic factors

Ethnic factors

Insulin resistance

Obesity

Despite the obsession with being slim, the prevalence of obesity within developed
countries is increasing and a body mass index (BMI) greater than 25 is associated
with increased blood pressure and an increase in cardiac and stroke mortality.
About 46% of men and 32% of women are overweight (BMI of 25-30kg/m?) and a
further 17% of men and 21% of women are obese (BMI of more than 30kg/m?)
(Peterson & Rayner 2002). Body shape has taken on new significance, with an
apple shape (android/central obesity) associated with increased risk of CHD
compared with a more pear shaped (gynoid) body (Ashwell 1996). Calculating the
waist-to-hip ratio to check for central obesity is a simple measure (waist divided
by hip measurement) and should be less than 0.95 for men and 0.85 for women.

Physical inactivity

Society has changed in a number of ways not least in the amount of energy
expended by individuals. Improved technology has revolutionised the way we
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work and play but increasingly this involves minimal physical exertion. It is
estimated that only 37% of men and 25% of women in the UK are active enough to
offer some protection against CHD. Of course people can delude themselves into
believing they take adequate exercise, but for it to offer any advantage it needs to
be of moderate intensity for at least 30 minutes on most days of the week (e.g.
brisk walking, dancing or cycling).

Family history

Close relatives of patients with CHD have a 5-7-fold risk of eventually dying from
heart disease and are more likely than relatives of healthy people to show signs
such as arterial disease even before they develop symptoms. While this could
indicate a genetic component of a disease, the importance of shared environ-
mental factors such as diet cannot be discounted. Nevertheless, studies of iden-
tical and non-identical twins have provided useful data. Although both twins
share the same environment, only identical twins share the same genes, and if a
twin has CHD there is a 65% chance that an identical twin will have CHD (this is
only 25% in a non-identical twin).

But how much of our behaviour is genetically determined? It has been sug-
gested by Berg (1991) that genetic influences may determine an individual’s
ability to respond to behavioural modification of the physiological risk factors as
well as determining the actual levels of the risk factors themselves.

Age and sex

It appears that fatty streaks in blood vessels appear very early on in life and in
babies these are close to where arteries branch, probably due to turbulent blood
flow. Although these disappear, they are evident again during adolescence. In
men and women the death rate from CHD rises steeply with age, but up to the age
of 45 years the number of male deaths is about five times that in women. In
women the death rate from CHD lags behind that for men by about 10 years. Rates
in women increase six-fold between the age groups of 35-44 and 45-54, i.e. before
and after the menopause. This is similar to the increase in male death rates in the
age groups 25-34 and 35-44. The number of deaths from CHD in women over 75
years is greater than in men of the same age. Some degree of protection against
CHD in pre-menopausal women may be due to:

m Higher levels of HDL-cholesterol
m Lower iron stores
m Peripheral, rather than central fat distribution

An interesting longitudinal epidemiological study involved 84129 nurses
(women), who were free of diagnosed cardiovascular disease, cancer and diabetes
when the study commenced in 1980. Over the next 14 years there were 1128 major
coronary events (296 deaths from CHD and 832 non-fatal infarctions). In this
study (Stampfer et al. 2000), overall risk seemed to be reduced in those women
who:
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m Did not smoke

m Were not overweight

B Maintained a healthy diet high in cereal fibre, omega-3 fatty acids, folate, high
ratio of PUFA (polyunsaturated fatty acids) to saturated fat and low in trans
fatty acids

m Exercised moderately or vigorously for half an hour each day

m Consumed alcohol moderately

The prognosis for women with heart disease is generally worse than for men.
Until recently there was little research regarding CHD in women and this may have
been due to the perception that women were protected against CHD and few were
affected. With increased life expectancy the pattern has emerged showing this to be
a serious problem for women also. It is likely that women with diabetes who also
have other coronary risk factors may have increased risk for CHD as the mortality
and morbidity rate for women is higher than in men with CHD and diabetes.

Psychosocial factors

Most would probably agree that psychosocial factors, not least stress, do in fact
contribute in some way to the development of heart disease. Indeed there are those
who believe that stress superimposed on other complex factors increases risk for
most disease today. The concept of stress has been very difficult to operationalise in
studies and this has hampered research in this area. Avoiding the term ‘stress’,
Hemingway & Marmot (1999) reviewed the epidemiological literature which had
explored the relevance of psychological factors in the development of heart disease
and identified three possible pathways offering an explanation:

m Psychological factors may affect health-related behaviours such as smoking,
diet, alcohol consumption or physical activity which may in turn influence the
risk of coronary heart disease.

m Psychological factors may cause direct acute or chronic pathophysiological
changes.

m Access to and content of social support may influence the link between social
support and CHD.

Undoubtedly, there are many complex factors influencing behaviour, and
health promotion involves far more than simply giving information. Social cog-
nition theories explain how both social and environmental factors together with
cognitions determine patterns of high risk behaviour. Plausible explanations have
also been put forward regarding the link between ongoing chronic stress and the
adverse physiological responses mainly mediated through the pituitary-adrenal
axis and the possible development of cardiovascular events.

Personality typing

Personality typing has been a popular method of linking personality and
behaviour, with individuals with Type A behaviour pattern (Friedman &
Rosenman 1974) demonstrating:
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Aggression
Competitiveness
Chronic hurry
Impatience
Suppressed anger
Hostility

However, findings in studies are very conflicting, not always showing an asso-
ciation between Type A behaviour patterns and heart disease. This is hardly
surprising as dividing the population into two basic personality types is some-
what simplistic. What has emerged from the literature in this area is that hostility
is one component of Type A personality which is likely to be significant, and has
been shown to be a predictor for coronary events and mortality. Earlier work drew
attention to the role of major negative life events, e.g. bereavement, migration and
retirement, and their effect on cardiovascular risk. Perhaps of greater significance
are the daily hassles (Kanner ef al. 1981) experienced which result in ongoing
frustration and stress. Not only are these concepts important when considering
the development of CHD and other diseases, but their impact on individuals
already coping with chronic illness also warrants further study. While short
periods of acute stress need not be harmful, the impact of acute on chronic stress
in vulnerable groups needs to be assessed.

Work-related stressors

Stressors encountered in the work situation have also been explored. Of sig-
nificance here is the way we perceive our work with two factors being particularly
important: perceived demand and control. Occupations where there are excessive
demands being made on the individual who has very little control, usually jobs of
low status, create environments where risk of disease development is increased.
Conversely, jobs where there is high demand and high control are less stressful.

Social support

An important buffer it seems in all this, which helps people to cope with stressful
circumstances is social support, or, more accurately, perceived social support.
Social support is likely to be one of the most important factors determining
whether or not someone copes effectively with chronic illness once discharged
home. Social isolation is in itself a stressor which has been shown to contribute to
risk in terms of disease susceptibility and mortality (Berkman & Syme 1979). In
surveys, men (16%) are more likely to report a lack of social support than women
(11%) (Joint Health Surveys Unit 1999). Family relationships and how people live
are changing dramatically, with more and more people choosing to live alone and
relatives living at a distance. While this poses few difficulties during early
adulthood, with an ageing population we need to start thinking about how best to
support the more vulnerable in society.

Social class differences

There are exceptions, but for most cardiac and respiratory diseases there is a social
class gradient, with those in the lower socio-economic groups bearing most of the
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burden in terms of morbidity and mortality. The premature death rate from CHD
is 58% higher for men who are manual workers than it is for non-manual workers.
Although the rate is falling across all social groups, the rate of fall is greater in the
non-manual groups (Petersen & Rayner 2002).

In the Whitehall Study of Civil Servants (Marmot et al. 1978), the lowest grade of
employees had three times the mortality of men in the highest grades over the ten-
year follow-up period. Although there were higher rates of smoking, obesity,
raised blood pressure and less physical activity in the lower grades, these factors
did not fully explain the differences in mortality between the groups.

Socio-economic disadvantage increases the risk of individuals on a number of
levels including disease development, access to health care and recovery from
surgery. Tackling inequalities in health is of importance in all countries and
reduction in socio-economic variation in mortality from a number of diseases is
likely to be best addressed by primary and secondary prevention.

Infant origins of disease

There is ongoing debate regarding the significance of adverse factors, including
under-nutrition possibly affecting early development in utero. It is argued that
factors acting in early life may have consequences for the later risk of certain
diseases, including CHD (Barker 1992) and some respiratory diseases, e.g. COPD.
Under-nutrition may permanently reduce the number of cells in particular organs
and may also change:

Distribution of cell types
Patterns of hormonal secretion
Metabolic activity

Organ structure

Others argue that Barker’s findings are due to bias because of selective migration
and confounding variables linked with lifestyle during adulthood.

Ethnic group differences

Gujaratis, Punjabis, Bangladeshis and southern Indians in London have 40%
higher CHD mortality rates than UK national averages (McKeigue et al. 1991).
Similar findings have been found in a number of different countries around the
world (e.g. Singapore, South Africa, Uganda and Fiji). The British Heart Foun-
dation put the premature death rate in these groups (including Sri Lankans) at
46% higher for men and 51% higher for women.

Once more, differences in rates cannot be explained entirely by differences in
diet, plasma cholesterol levels or smoking habits. In some Asian groups the
smoking rate and cholesterol levels are lower than in the general population.
There is evidence to suggest that increased prevalence of non-insulin diabetes
mellitus, which in some Asian communities in London is four times the national
average, may be responsible. Insulin resistance and central obesity are more
common in Asian groups than in Europeans.
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The risk of many diseases cannot be predicted from just one risk factor. CHD, for
example, is a multifactorial disease, and while some combinations of risk factors
seem to be especially important (e.g. smoking, cholesterol and high blood
pressure), individual susceptibility is also an important factor.

This chapter has set the scene by outlining the prevalence of cardiorespiratory
disease and identifying those groups where surgical intervention is an option. An
exploration of key issues concerning the ongoing debate regarding risk factors
further equips the surgical nurse working in a cardiothoracic setting with the
requisite background knowledge to increase the effectiveness of her health pro-
motion role. Other sections will explore other dimensions of health promotion in
optimising the patient’s health both before and following surgery.
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Following most cardiothoracic surgical procedures the patient’s respiratory and
haemodynamic status is invariably compromised to some degree. Obviously the
more invasive the procedure the greater potential there is for instability. Effective
tissue oxygenation is paramount and the skilled cardiothoracic nurse will need to
be vigilant in monitoring a number of parameters in ensuring that cardiac and
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respiratory functioning is optimised. First, the lungs must be effectively ventilated
in order that the pulmonary capillary blood may be oxygenated. Second, there
must be an effective transport system in terms not only of adequate haemoglobin
but also haemodynamic stability so that oxygenated blood is pumped effectively
around the body.

Respiratory system

Hypoxaemia is common following surgery and develops because one or more of
the processes leading to effective oxygenation of blood in the lungs is altered in
some way. A good knowledge of these physiological processes will help the nurse
to complete a comprehensive assessment and identify where in the chain prob-
lems are arising.

An overview of the respiratory system will be given with emphasis on the
relationships between airways, lungs and chest wall. The effective dynamics of
ventilation are dependent on a number of physical properties of the system and
these will be considered. Processes occurring during ventilation will follow,
including factors contributing to the control of breathing. Once the air in the lungs
has been replenished then gases must diffuse across the alveolar-capillary surface
and the last section will explore the transport of gases in the blood and the
maintenance of acid-base status.

While the lungs have a number of functions, including acid-base balance,
pulmonary defence and metabolism of many bioactive substances, the principal
function is that of gaseous exchange. The respiratory system facilitates the intake
of oxygen and the removal of carbon dioxide from the body. Oxygen must be
available to the cells for the process of oxidative phosphorylation, an important
process in aerobic metabolism. It is in the mitochondria that the high-energy
phosphate bond in adenosine triphosphate (ATP) is produced from adenosine
diphosphate (ADP). This ADP/ATP energy system is the most important system
in the body. However, there are no stores of ATP in the body and it must be
synthesised continuously as it is being used. The critical oxygen tension varies
between organs, but a mitochondrial PO, of about 0.13 kPa (1 mmHg) is often
considered the level below which there is a serious impairment of oxidative
phosphorylation and a switch to anaerobic metabolism.

Aerobic metabolism is the most efficient source of biological energy. Although
skeletal muscle can function for short periods under conditions of anaerobic
metabolism this is not possible in organs such as the brain, liver and heart which
require a continuous supply of oxygen. Carbon dioxide is a waste product of
aerobic metabolism and the body must be able to remove this. The body at rest
needs approximately 250 ml per minute of oxygen, and 200 ml of carbon dioxide
per minute is removed. It is vital therefore that air be continuously exchanged
between the lungs and atmosphere and the unique properties of the pulmonary
system facilitate this.
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Airways, lungs and chest wall

During inspiration air is filtered, warmed and moistened by the upper respiratory
tract as it passes down the tracheobronchial tree. Figure 3.1 shows the various
branches of the respiratory tree. Although patency of the larger airways is ensured
by the presence of cartilage in their walls, in the smaller bronchioles (<1 mm
diameter) cartilage is absent. It is mainly smooth muscle that is found here. The
whole tracheobronchial tract is lined with ciliated columnar epithelium. Muco-
ciliary function facilitates the upward removal of debris from the airways
enabling the lower air spaces to remain relatively sterile.

Trachea

Mediastinum

Visceral pleura

Left bronchus

Parietal
pleura

Terminal bronchiole
Pleural Respiratory bronchiole
cavity

Alveolar ducts

and sacs

Fig. 3.1 Thoracic cavity with outline of respiratory tract.

Not all the air taken in with each breath (tidal volume) is available for gaseous
exchange. Figure 3.2 shows the anatomical dead space, which includes the larger
airways down to, and including, the terminal bronchioles. The last portion of the
tidal volume (30%) remains in this anatomical dead space and is roughly
equivalent to 2ml/kg body weight, around 150 ml in an adult. In effect this is
wasted ventilation which can be further increased when additional alveolar dead
space occurs because of ventilated alveoli which have no perfusion. This alveolar
dead space combined with the anatomical dead space is referred to as physiolo-
gical dead space. An increase in physiological dead space does not usually cause
concern until its volume is significant.

Generations 17 to 23 of the tracheobronchial tree are made up of respiratory
bronchioles, alveolar ducts and alveolar sacs. Collectively, these structures com-
prise the acinus, referred to as the respiratory zone as the air in this section is
available for gaseous exchange. Approximately 70% of the tidal volume (350 ml in
adults) enters the respiratory zone and this volume over one minute is the alveolar
volume.

The respiratory zone offers a huge surface area for gaseous exchange. Adult
lungs contain around 300 million alveoli with a surface area between 60 and
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Fig. 3.2 Diagram of airway branching in the human lung. From Weibel (1963), with
permission.

100 m?. Each alveolus is in contact with pulmonary capillaries having a diameter
of only 12 microns, just enough to enable the passage of a red blood cell. Gas
molecules must diffuse through a relatively complex layer of cells called the
alveolar-capillary membrane (see Fig. 3.3). The wall of the alveoli is composed of
the following:

m Type I pneumocytes - flat epithelial cells (97% of lining)

m Type Il pneumocytes - large cuboidal cells rich in mitochondria which release
surfactant

m Alveolar macrophages - derived from circulating monocytes and important in
destroying foreign protein and pathogens

The alveolar-capillary membrane, despite its complexity is only 0.5 microns in
thickness.

The lungs remain inflated and are prevented from collapsing because of the
integrity of the pleural space. The mediastinum and chest wall are lined by
parietal pleura and the lungs are covered by visceral pleura. The pleural cavity
between these two pleural membranes is a potential space and the pressure is
subatmospheric.

Throughout inspiration and expiration the pressure within the pleural cavity
remains less than the pressure in the airways (transpulmonary pressure differ-
ence) and this is important in helping to keep the lungs inflated. Whenever pleural
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Fig. 3.3 Alveolar—capillary membrane.

pressure is the same or greater than atmospheric pressure (reduced trans-
pulmonary pressure gradient) there is a danger of small airway collapse.
Remember that there is no cartilage in the smaller bronchioles to maintain
patency. Forced expiratory efforts such as coughing (producing more positive
intrapleural pressure) following surgery may be counterproductive because when
the transpulmonary pressure difference is reduced airway closure occurs.

Mechanism of breathing

Atmospheric air consists of a number of gases but mainly oxygen (20.98%), carbon
dioxide (0.04%), and nitrogen (76%). Each gas in a mixture of gases exerts a
pressure (partial pressure) independent of other gases present (Dalton’s law) and
the sum total of these partial pressures in air is called atmospheric or barometric
pressure (Pg). The partial pressure of a gas is proportional to its fractional con-
centration and with an atmospheric pressure of 101 kPa at sea level the partial
pressure is calculated as follows:

PO, = % x 101 kPa = 21.18 kPa

However, when calculating the partial pressure of gases in the alveoli the
fractional concentration of carbon dioxide and oxygen is different with oxygen
constituting 14% of the gases. Water vapour also exerts a partial pressure (PH,O),
and at a body temperature of 37°C this is around 6 kPa. Therefore to calculate the
partial pressure of oxygen, for example, in the alveoli, 6 kPa must be subtracted
from 101 kPa (i.e. 95 kPa). Thus:

Alveolar PO, (PAO;) = % x 95 kPa = 13.3 kPa

Air must be continuously replenished in the lungs and this is achieved by
volume/pressure changes in the thoracic cavity during inspiration and
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expiration. The ribs, intercostal muscles, diaphragm and chest wall are all
important in bringing about these changes.

An understanding of normal adult lung volumes is necessary in order to
appreciate the changes which occur when pulmonary status is compromised.
Figure 3.4 demonstrates a typical spirometry trace and identifies the various lung
volumes. Tidal volume (TV) is the amount of air breathed in and out with each
breath and is approximately 500 ml in an adult. Multiplying this volume by the
number of breaths per minute (RR) yields the minute or pulmonary volume,
approximately 6 litres at rest. Not all this volume is available for gaseous
exchange, and subtracting the dead space (DS) volume from tidal volume gives
the alveolar volume (AV), approximately 4 litres at rest:

AV =RR x (TV — DS)
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Fig. 3.4 Lung volumes.

Maintaining effective alveolar ventilation ensures that PaO, and PaCO, remain
within acceptable parameters. For example, if alveolar ventilation is halved then
PaCO; is doubled. A rising PaCO, is called hypercapnia and a fall in PaO,
hypoxaemia.

Inspiration is initiated as a result of rising levels of carbon dioxide in arterial
blood (PaCO,) and therefore cerebrospinal fluid (CSF). An increase in hydrogen
ions stimulates the central chemoreceptors in the medulla oblongata resulting in
neuronal discharge to muscles involved in breathing. As a result of muscle con-
traction there is an increase in both the lateral and anteroposterior diameters of the
thorax. According to Boyle’s law, at a constant temperature, pressure is inversely
proportional to volume, so as the thoracic cavity increases, alveolar pressure (and
pleural pressure) decreases (relative to atmospheric pressure) and air enters the
lungs. Expiration involves passive recoil of the alveoli and intrapleural pressure
becomes less negative once more.

The work of breathing

Breathing usually involves very little effort, but energy must nevertheless be
expended to overcome opposing forces during inspiration. The effort required to
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overcome these opposing forces is called the work of breathing, where muscular
contraction is required to distend the elastic tissues of the chest wall and lungs
(elastic work or compliance work) and to move air through the respiratory pas-
sages (resistance work). The work of breathing may increase considerably fol-
lowing surgery owing to a number of factors. The increased muscle contraction
will increase oxygen consumption, further compromising the cardiopulmonary
system and oxygen delivery. Knowledge of the factors contributing to the work of
breathing is therefore important.

Compliance work

Most of the work of breathing is necessary to overcome the elastic recoil of the
lungs and chest wall (65% of the work). Both the chest wall and lung tissue con-
tribute to total compliance. Pulmonary tissue tends to recoil inwards and the chest
wall recoils outwards. There must be a pressure change to move air into the lungs.
Distensibility or compliance refers to the ability of the lungs to increase volume
and the chest wall to move to accommodate this increase. It is a measure of the
lung’s opposition to inflation and is the inverse of elastance (elastic recoil), which
is the ease with which something can be stretched. The more elastic the lung then
the less compliant (stiffer) it is.

Most surgical nurses will not have access to data on compliance, but factors
which may be decreasing compliance and increasing the work of breathing
necessitating greater inspiratory effort need to be considered. Chest deformity
and obesity may reduce compliance as will pathology such as pulmonary fibrosis,
pulmonary oedema and pneumothorax. In these cases, lung compliance is low
and greater transpulmonary pressures need to be generated during inspiration to
move air into the lungs. The presence of incisional pain, drains, restrictive
dressings and bedclothes may all decrease compliance and the patient may
breathe at low lung volumes. Although the lungs are usually more compliant at
lower volumes and less compliant at higher volumes it is difficult to inflate alveoli
that are closed and much greater inspiratory pressures are required to open them.

Interestingly, in emphysema compliance is increased. However, there is a
reduction in elastance so that removing air from the lungs during expiration is
more difficult (air trapping results).

Surface tension in the alveoli
Another factor which influences the volume-pressure behaviour of the lung is the
surface tension created at the air-liquid interface of the alveoli. Such surface
tension always occurs whenever a gas and liquid come into contact with each
other generating a cohesive force inwards. This surface tension in the alveoli
contributes to collapse and once this occurs very high distending pressures are
needed to reopen them (Savov 1995). Smaller alveoli are potentially very unstable,
generate greater pressures and empty into larger alveoli resulting in collapse. This
tendency is prevented by the presence of pulmonary surfactant which decreases
surface tension dramatically as alveolar volume decreases.

Pulmonary surfactant is manufactured by pneumocyte type II cells and is a
complex substance - 90% phospholipid and 10% protein. Palmitoyl phosphati-
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dylcholine (DPPC) comprises about 50% of the phospholipid content. In sum-
mary, surfactant stabilises alveoli, increases compliance and reduces the work of
breathing. It also reduces slightly the hydrostatic pressure in the interstitial fluid
surrounding the alveoli therefore discouraging the movement of water from the
capillaries and helps to keep the alveoli ‘dry’. Problems with surfactant produc-
tion following cardiothoracic surgery may contribute to alveolar collapse and
micro-atelectasis in the early post-operative period.

Resistance work

Airway resistance

Another factor that influences the work of breathing is the degree of resistance to
airflow and this is greater in the larger central airways. Airway resistance may be
expressed as follows:

Driving pressure

Airway resistance =
Flow rate

The driving pressure is the pressure gradient between the mouth and alveoli. At
the end of expiration there is no airflow and atmospheric and alveolar pressures
are the same. It is during inspiration that a pressure gradient exists, with alveolar
pressure being less than atmospheric pressure creating the driving pressure for
airflow into the lungs. During expiration the gradient is reversed so that alveolar
exceeds mouth (atmospheric pressure) pressure and air flows out of the lung.

It is the diameter of a tube which most influences the flow of gas molecules. The
greater the diameter the less chance there is of molecules colliding with the tube’s
wall. Increasing the length of a tube by 50% doubles airway resistance whereas if
the radius is halved then resistance increases 16 times.

Many factors in health and disease can increase and decrease airway resistance.
Although the small bronchioles have the smallest radius these airways are
arranged in parallel so the total resistance offered by the millions of airways is
quite low during normal quiet breathing. The medium-sized bronchi (2-4 mm
diameter) are the site where there is important physiological control of airway
resistance. Although these bronchi still have some supporting cartilage there is a
great deal of smooth muscle that can contract to reduce the radius of the airways.
Sputum plugs and the presence of endotracheal tubes and suction catheters can
increase resistance further.

Resistance to airflow and airway closure

During both inspiratory and expiratory phases of breathing a transpulmonary
(transmural) pressure difference exists whereby alveolar pressure remains greater
than the subatmospheric pressure in the pleural cavity. This gradient assists in
keeping the alveoli open by applying traction. However, high levels of airflow
during forced expiration may cause reversal of the positive transpulmonary
pressure difference (i.e. a negative transmural pressure) whereby the pressure in
the lumen of the air passages becomes less than pleural cavity pressure resulting
in dynamic airway compression. Forced expiratory efforts therefore may be
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counterproductive particularly in patients with respiratory problems. Interest-
ingly, patients with obstructive airways disease may acquire the habit of pursed
lip breathing which will preserve the transmural pressure gradient in the airways,
reduce airway resistance and therefore prevent air trapping.

Volume-related airway collapse

As the lung volume is reduced towards residual volume, there is a point at which
lower dependent airways begin to close; this is known as the closing volume (CV).
Usually in young adults, closing volume is well below functional residual capa-
city (FRC) so that closure only occurs at very low volumes. With increasing age the
closing volume is nearer the FRC and airway closure can occur at much higher
volumes particularly in the presence of lung disease. The elderly requiring sur-
gery, therefore, may be particularly vulnerable. Furthermore, FRC is affected by
positioning, decreasing from the upright to the supine position. Closure of air-
ways will result in the shunting of blood through these areas, and is an important
cause of hypoxaemia following cardiac and thoracic surgery as a result of
atelectasis (Brismar et al. 1985).

If airway closure persists post-operatively it may be beneficial to increase lung
volume. This is most conveniently achieved by the application of CPAP (con-
tinuous positive airway pressure) to the spontaneously breathing patient and
PEEP (positive end expiratory pressure) in the ventilated patient which has the
effect of increasing FRC so that airway closure is less likely.

Early ambulation and avoidance of the supine position will also help maintain
FRC and post-operative oxygenation (Mynster et al.1996).

Airway epithelium

The tracheobronchial tree is lined with mucus-secreting epithelium and the
function of this airway epithelium is more complex than once thought. Many of
the epithelial cells are ciliated, with each cell housing over 200 cilia which beat
around 1300 times per minute. A complex layer of mucus sits on top of the cilia
and mucociliary activity is an important defence which protects the lower airway.
This mechanism may be impaired in surgical patients due to smoking and the
result of anaesthesia. Pre-existing pulmonary pathology will also increase the risk
of pooling and stagnation of secretions.

The presence of immunoglobulins (Ig) or antibodies released by B lymphocytes,
which is part of the humoral immune response, offers an additional defence
mechanism in the airways. Secretory IgA is important in protecting mucous
membranes, and a deficiency of immunoglobulins as a result of either primary or
secondary causes can result in recurrent respiratory infections. IgE is an antibody
which contributes to the development of allergic responses in atopic individuals
(see below).

Other cells in the mucosal layers

In addition to epithelial cells, other cells with varying degrees of activity are found
in the mucosal and submucosal layers. Eosinophils and neutrophils are poly-
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morphonuclear leucocytes which migrate from the circulatory system to the air-
ways. Eosinophils are found in great numbers in allergic asthma, whereas
neutrophils are increased in chronic obstructive pulmonary disease and bacterial
infections. Mast cells involved in allergic responses are found near the epithelial
surface and contain histamine which, when released in the airways, causes
bronchoconstriction and vasodilatation. In addition, mast cells along with other
pro-inflammatory cells can synthesise a number of inflammatory mediators such
as prostaglandins and thromboxane, which are the result of the breakdown of
arachidonic acid in the cell membrane. Many of these mediators also result in
bronchoconstriction and vasodilation.

Cytokines are cell messengers enabling cells to communicate with each other
and many are chemotactic (chemokines) attracting other cells to areas of inflam-
mation. Although cytokines have a key role to play in the inflammatory
response, in some pathological conditions, e.g. acute respiratory distress syn-
drome (ARDS), they have been implicated as pro-inflammatory mediators.
Primary pro-inflammatory cytokines are tumour necrosis factor (TNF o) and
the interleukins (ILs) with IL-1 stimulating the release of IL-6 and IL-8. These
cytokines together with other mediators such as thromboxane, leukotrienes and
prostaglandins, give rise to a complex network which may initiate and amplify
the inflammatory response in acute lung injury. It has been suggested that
overdistension coupled with repeated collapse of alveoli in the ventilated
patient may initiate a cascade of pro-inflammatory cytokines (Slutsky &
Tremblay 1998).

Neurohormonal mechanisms

Neurohormonal mechanisms also have an important role in airway regulation.
Autonomic neural control of the airways is by way of parasympathetic and
sympathetic nerve fibres. Parasympathetic nerves, branches of the vagus nerve,
release the neurotransmitter acetylcholine which results in smooth muscle con-
traction and therefore smaller lumen size. These cholinergic nerves exert their
effects on muscarinic receptors causing contraction of smooth muscle (broncho-
constriction) and secretion of mucus from the submucosal glands and goblet cells.
Drugs such as atropine sulphate, scopolamine and ipratropium bromide may be
given to block these receptors and are therefore called anticholinergic or anti-
muscarinic agents.

Sympathetic nerves supply a number of different target organs where the
neurotransmitter released is norepinephrine. However, sympathetic effects are
also mediated by epinephrine and norepinephrine (hormones) released from the
adrenal medulla. The sympathetic effect which these molecules exert will depend
on the specific adrenergic receptor site on the cell membrane. Smooth muscle cells
in the airways have P, receptors and have the potential to be stimulated by nor-
epinephrine and epinephrine resulting in muscle relaxation and bronchodilation
(Barnes 1986). Pharmacological agents acting on the B, receptors also relax the
smooth muscle resulting in bronchodilation. These drugs are called B, agonists
and examples are salbutamol and terbutaline.

A third branch of nerves supplying the airways has been identified called non-
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adrenergic non-cholinergic (NANC) nerves which can either be inhibitory (dilate)
or excitatory (constrict). Inhibitory NANC nerves run in the vagus nerve and the
neurotransmitters have been identified as vasoactive intestinal polypeptide (VIP)
(Barnes et al. 1991) and nitric oxide (NO) (Belvisi et al. 1992) although NO appears
to be the major neurotransmitter for bronchodilation.

Nitric oxide was originally identified as the endothelial relaxing factor (EDRF)
but is in fact released by many different cells in the body, including airway epi-
thelium. It is oxidised very quickly, has a half-life of less than 5 seconds (Al-Ali &
Howarth 1998) and has a variety of physiological functions in almost all body
systems. Although beneficial, it is in fact a free radical and can be toxic resulting in
cell damage (Sadeghi Hashjin et al. 1996).

Additional nerve fibres in the airways include a number of sensory nerves and
receptors in the airways, e.g. non-myelinated C-fibres. Receptors include stretch
receptors, irritant receptors and C-fibre receptors. Sensory C-fibre receptors are
sensitive to inflammatory mediators such as bradykinin, histamine and prosta-
glandins (Spina 1996). A number of neuropeptides including substance P are
released by sensory nerves and these have been shown to increase airway
responsiveness in asthma (Joos ef al. 1995).

Pulmonary blood flow

The bronchial arteries are part of the systemic circulation and branch off the
descending aorta. They supply oxygen and nutrients to all respiratory structures
down to and including the terminal bronchioles. The respiratory bronchioles
receive oxygen and nutrients from the pulmonary capillaries. A proportion of the
bronchial venous blood draining the lungs empties into the azygos veins and then
the pulmonary veins. This venous blood added to the oxygenated blood in the
pulmonary veins represents a small anatomical shunt which is around 1-2% of the
cardiac output (Qy).

Pulmonary circulation

Ventilation of the lungs alone does not facilitate the diffusion of gas molecules.
The pulmonary capillaries supply the alveoli and are an important part of the
alveolar capillary membrane across which gaseous exchange takes place.
Deoxygenated blood from the right side of the heart enters the pulmonary artery
(referred to as mixed venous blood) and branches to form pulmonary capillary
networks. Here the blood is oxygenated and returned via the pulmonary veins to
the left atrium.

The flow of blood through the pulmonary circulation is approximately equal to
the flow through the whole of the systemic circulation varying from around 61/
min under resting conditions to as much as 25 1/min in severe exercise. Increases
in flow are possible through the recruitment of additional blood vessels. The
pulmonary circulation therefore is a low-pressure, low-resistance, high-volume
system with pulmonary arterial pressure about one sixth of systemic arterial
pressure (20 mmHg systolic and 8 mmHg diastolic).
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Control of pulmonary vasomotor tone

There are many mediators which have a vasoactive role and some of these are
outlined in the section on cardiovascular regulation later in this chapter. In
response to hypoxia, blood vessels in the body mostly dilate. Pulmonary vessels,
however, constrict in response to low levels of oxygen. Constriction occurs, for
example, when the partial pressure of oxygen in the alveolus (PAO,) is low. This
mechanism is called hypoxic pulmonary vasoconstriction (HPV) and the major
effects are the redistribution of blood away from poorly ventilated areas to alveoli
that are better ventilated and a rise in pulmonary artery pressure. This appears to
be a local reflex response occurring only in areas of alveolar hypoxia and occurs in
surgically removed, mechanically perfused lungs demonstrating that there is no
nervous or humoral dependency (Beachey 1998).

It should be noted that a number of drugs may also have an effect on vasomotor
tone in the pulmonary circulation. A fall in PaO,, for example, may be seen with
the B agonists dopamine and dobutamine which increase blood flow to poorly
ventilated areas (Rennotte et al. 1989). Dobutamine inhibits the HPV response
whereas dopamine vasoconstricts blood vessels in the oxygenated lung thus
decreasing the flow diversion from the hypoxic area by increasing the pulmonary
artery pressure (Nomoto & Kawamura 1989). Vasodilators such as nitroglycerine
and sodium nitroprusside may also result in arterial hypoxaemia during
administration most likely due to an increase in NO release resulting in an
increased shunt because of inhibition of the HPV response (D’Oliveira ef al. 1981).

Ventilation-perfusion relationships

Ideally, lung ventilation (V) would match perfusion (Q), but this is not the case. In
health there are regional variations in the ventilation-perfusion relationship and
varying degrees of mismatching are common in pulmonary disorders. Indeed,
one of the most common causes of hypoxaemia is ventilation-perfusion mis-
match. When discussing the V/Q relationship, V refers to the volume of gas per
unit of time (per minute) which is alveolar ventilation, and Q is blood flow
(perfusion) per unit of time (per minute) which is cardiac output. At rest, alveolar
ventilation is around 4.21 per minute and perfusion is 51 per minute.

In the upright position, gravitational forces and the characteristics of the pul-
monary circulation result in regional variations not only of perfusion but also of
ventilation. In the apices ventilation is greater than perfusion at rest and the
converse is true in the bases. Despite these differences, in health there is greater
overall ventilation and perfusion in the bases with corresponding greater gaseous
exchange.

Where there is some pulmonary abnormality due to pathology or as a result of
surgery, V/Q relationships may change and this is illustrated in Fig. 3.5. A
common cause of hypoxaemia following cardiothoracic surgery is where some
alveoli receive too little ventilation compared with blood flow (low V/Q). A
shunt-like effect occurs where pulmonary capillary blood in the affected area is
not oxygenated. This is referred to as venous admixture and represents a pro-
portion of the cardiac output which has bypassed the lungs. This may be partial
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Fig. 3.5 Ventilation and perfusion relationships.

where there is some ventilation as in pulmonary oedema and bronchial asthma.
When ventilation to a lung unit stops completely then there is an absolute right to
left shunt and this can occur post-operatively when atelectasis or pneumonia
develops. Although arterial PO, can be restored to normal with shunts up to about
30% by an appropriate increase in the inspired oxygen concentration, absolute
shunts are often refractory to oxygen therapy.

Transport of gases

Once the alveolar air has been replenished, conditions must exist in the alveoli so
that oxygen molecules are able to diffuse across the alveolar capillary membrane
into pulmonary capillary blood and carbon dioxide molecules diffuse in the
opposite direction. It is Fick’s law which explains the diffusion of gases across the
alveolar capillary membrane where rate of diffusion is directly proportional to
surface area, diffusion coefficient (solubility and molecular weight), pressure
gradient and inversely proportional to membrane thickness.

Although oxygen is not as soluble as carbon dioxide its molecular weight is
lower and, according to Graham’s law, rate of diffusion of a gas is inversely
proportional to its molecular weight. Diffusion is also influenced by Henry’s
law which states that the amount of gas dissolved in a liquid is directly propor-
tional to its partial pressure in the gas phase. This can be seen when the frac-
tional inspired oxygen is increased achieving a much greater PAO, and
therefore PaOs,.
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A pressure gradient exists for the diffusion of oxygen because the PvO, (mixed
venous blood) is 5.3 kPa and the PAQO, is 13 kPa. Oxygen molecules therefore
diffuse across the alveolar-capillary membrane and into the pulmonary capillary
blood. A pressure gradient also facilitates the diffusion of carbon dioxide from the
pulmonary capillary blood into the alveoli. It takes each red blood cell approxi-
mately 0.75 seconds to traverse the pulmonary capillary surrounding the alveolus
while equilibrium between alveolar and capillary PO, is achieved in just 0.25
seconds at rest.

With a normal PaO,, only 3% of oxygen is carried dissolved in the plasma
(around 0.3 ml/100ml), whereas 97% is chemically bonded to haemoglobin (Hb).

Oxyhaemoglobin

Haemoglobin is a combination of iron (haem) and protein (globin) but there are
many different kinds of haemoglobin. Haemoglobin A is normal adult haemo-
globin and for each molecule there are four sites which can carry four molecules of
oxygen (oxyhaemoglobin). It is the proportion of sites carrying oxygen (i.e.
saturation) which is measured by oximetry and usually this is around 97% in
arterial blood and 75% in mixed venous blood. Desaturated blood is where the
haemoglobin sites carry no oxygen.

Hby + 40, < HbsOg

Oxygen capacity

When the haemoglobin is fully saturated (100%), each gram of haemoglobin can
hold 1.39 ml of oxygen and this is called the oxygen capacity. The value for
haemoglobin is normally around 15 g of haemoglobin in each 100 ml (d/l) of
blood. The maximum amount of oxygen that can be combined with haemoglobin
in every 100 ml of blood is therefore:

15 x 1.39 = 20 ml O,/100 ml blood

In the lungs, with a partial pressure of oxygen (PAO,) of 13 kPa this will
result in an arterial oxygen partial pressure (PaO,) of 13 kPa. With a normal
PaCO,, pH and temperature, there should be around 19.5 ml of oxygen carried
by haemoglobin in each 100 ml of blood for a saturation of 97.5%. Emptying of
a small volume of bronchial venous blood into the pulmonary veins represents
an anatomical shunt and this slightly desaturates the blood returning to the left
ventricle.

To summarise, oxygen capacity is dependent upon PO, and level of haemo-
globin.

Oxygen content

Oxygen content refers to the actual amount of oxygen attached to haemoglobin
and dissolved in plasma and will be determined by the partial pressure of oxygen
in the alveoli and arterial blood and the ability of haemoglobin molecules to
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combine with oxygen. In the following formula the small amount of dissolved
oxygen in plasma is omitted.

Sat of Hb

Arterial oxygen content (CaO,) = 100

x Oy capacity of Hb

For example,

97
Tog * (13 x 1.39) =17.5 m1/100 ml

Knowing the arterial-mixed venous oxygen content difference [C(a — V)O,]
enables the calculation of O, consumption (VO,). For example,

VO, =Qr x C (19.5 — 14.5)Oz2 = 5 I/min x 5 ml/100 ml
=51/min x 0.05
=0.25 1/min
= 250 ml/min

Given the above it becomes clear that out of the usual 19.5 ml of oxygen available
in every 100 ml of blood only approximately 5 ml (0.25) is released to the tissues,
and this is referred to as the oxygen extraction ratio (O,ER). At rest there is therefore
an excess of supply over demand. With a resting cardiac output of 5000 ml,
although around 1000 ml of oxygen is delivered per minute only 250 ml is used.

The maintenance of adequate oxygen delivery (DO,) is an important goal fol-
lowing cardiothoracic surgery. Oxygen consumption (VO,) and O,ER will be
increased when cardiac output falls or when there is an increase in oxygen
demand, e.g. exercise, pyrexia and shivering post-operatively. Where demand is
increased it is important to ensure that the supply (DO,) can be maintained.
Figure 3.6 illustrates oxygen delivery and consumption. Failure to ensure that
delivery can meet increased demand can result in cellular hypoxia which may
prove irreversible.

It is only in the critical care setting that VO, and DO, are calculated and this is
usually based on cardiac index (CI) taking into account individual surface area
which gives a more accurate estimate than cardiac output.

Oxyhaemoglobin dissociation curve

The chemical reaction between oxygen and haemoglobin is defined by the oxy-
haemoglobin dissociation curve which relates the saturation of haemoglobin to
the PaO,. The shape of the curve has important physiological implications in that
as the PaO, increases so does the affinity of haemoglobin for oxygen. The top, flat
portion of the curve represents conditions in the lung where a PaO, of 13 kPa
corresponds to an Hb saturation of 97.5% (Fig. 3.7).

The shape of the curve is sigmoid which is physiologically advantageous
because the flat upper portion allows oxygen saturation to remain high and
almost constant despite fluctuations in arterial PaO,. Even with a PaO, of 8 kPa
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Fig. 3.7 Oxyhaemoglobin dissociation curve.

saturation remains 90% although below this desaturation occurs quickly. The
steep segment of the curve enables large quantities of oxygen to be released in the
peripheral capillaries.

There are a number of factors which may shift the position of the curve, altering
the affinity of the haemoglobin. This response affects the pick-up and delivery of
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oxygen. The position of the normal curve shows the affinity of haemoglobin for
oxygen when the following are normal:

m Temperature

m pH (or hydrogen ion concentration)

m Carbon dioxide

m Increased 2,3-diphosphoglycerate (2,3-DPG) in red blood cells (during hypoxia)

Figure 3.7 identifies factors which can shift the curve to either the left (greater
affinity between haemoglobin and oxygen with less oxygen released) or to the
right (less affinity between haemoglobin and oxygen with more oxygen released).

To assess whether oxygen is being delivered satisfactorily, the following
should be considered:

PAO, and PaO,
Functional haemoglobin
Cardiac output
Unloading of oxygen

Cyanosis

The colour of blood depends on the amount of haemoglobin without oxygen
(reduced haemoglobin). The skin will appear bluish when the capillary blood in it
contains about 5 g/100 ml of haemoglobin in this form. However, central cyanosis
may be detectable with lower levels of reduced haemoglobin. Cyanosis may be an
unreliable indicator of tissue hypoxia. Anaemic patients can be severely hypoxic
without cyanosis and polycythaemic patients with excess haemoglobin may be
cyanosed with little hypoxia.

Carbon dioxide transport

Carbon dioxide is produced as a result of cell metabolism and this must be
removed and transported to the lungs to be exhaled. This is achieved because
carbon dioxide in solution moves down a pressure gradient from cell to extra-
cellular fluid, plasma, red cell and finally alveoli. Like oxygen, most of the carbon
dioxide is dissolved in plasma (70%) and chemically combined in the red cell
(30%). The combined form of carbon dioxide may be carried as carbonic acid
(10%), with protein as carbamino haemoglobin and plasma proteins (20%) and
also as bicarbonate (70%).

Carbon dioxide partial pressure and content

It is interesting to compare the oxygen content and pressure with that of carbon
dioxide in arterial and venous blood (see Table 3.1).

In the red cell, carbon dioxide (CO,) combines with water (H,O) to form car-
bonic acid (H>,COs) and this hydration of carbon dioxide is facilitated by an
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Table 3.1 Differences in arterial and venous content and partial pressure of O, and CO,

Arterial Venous
Oxygen Content = 19.5ml/100 ml Content = 14.5ml/100 ml
PaO, =13.0kPa PvO, =5.3kPa
Carbon dioxide Content = 48 ml/100 ml Content = 52 ml/100 ml
PaCO, = 4.6-6.0kPa PvCO, =5.5-6.8kPa

enzyme called carbonic anhydrase which speeds the process up considerably. The
carbonic acid which is formed dissociates into hydrogen ions (H") and bicar-
bonate ions (HCO3") as follows:

CO; + H,O & H,CO; & HCO;~ + HY

The hydrogen ions attach themselves to the haemoglobin to form reduced
haemoglobin which will become part of the carbamino compound. Although
plasma proteins are able to take up hydrogen, haemoglobin has three times
greater the affinity for carbon dioxide.

The bicarbonate (HCOj5;") formed in the cell diffuses out through the cell
membrane and moves into the plasma (see Fig. 3.8). Here it combines with
sodium (Na") to form sodium bicarbonate (NaHCQO3). Because there is a loss of
negative ions from the cell, to offset this there is a movement of chloride ions
(CI') into the cell to re-establish electrical neutrality. This is called the chloride
shift.

When the blood reaches the lungs and flows through the pulmonary capillaries
the reverse process takes place along with a reversal in the chloride shift:

H™ + HCO;~ & H,CO;3 < H,O + CO, (T exhaled)

Just as not all oxygen delivered to the tissues is unloaded, not all the carbon
dioxide that diffuses from tissues and cells into the blood is eliminated in the
lungs. Only a little carbon dioxide is eliminated with each breath - just enough to
lower the PaCO, from 5.5.to 4.6 kPa.

When deoxygenation of the blood occurs at tissue level the loading of carbon
dioxide is encouraged and this is called the Haldane effect. The lower the oxygen
saturation then the more carbon dioxide that can be picked up at any given PCO..
Conversely, when carbon dioxide combines with haemoglobin this encourages
the release of oxygen, which is called the Bohr effect.

Acid-base balance

Many cellular processes require that the pH of body fluids is kept within a range
which promotes normal tissue and organ performance. The pH scale is a measure
of the degree of acidity/alkalinity of a solution, and arterial blood gas analysis in
the early post-operative period following cardiothoracic surgery enables the
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Fig. 3.8 Transport of carbon dioxide. From Widdicombe & Davies (1983), with permission.

monitoring of acid-base status (see Table 3.2 for normal values). In arterial blood
the normal range for pH is 7.35-7.45, with the lower figure denoting more
hydrogen ions (greater acidity) and the higher figure fewer hydrogen ions (greater
alkalinity). Many units now measure hydrogen ion concentration, which offers a
more linear scale, and the normal range is 35-45 nmol/1. This time the lower
number denotes fewer hydrogen ions (more alkaline) and the higher figure more
hydrogen ions (more acid).

The acid-base status of the body depends mainly on the ratio of dissolved
carbon dioxide (quantified as PaCO,) and HCOj; (bicarbonate). The ratio of
HCOj3™ to PaCO, should be 20:1. It is when this ratio changes that a state of
acidosis or alkalosis can occur. For example, a respiratory acidosis may arise
because of an increase in PaCO, where the lungs are unable to remove carbon
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Table 3.2 Acid-base balance — normal values

Arterial blood Venous blood
pH 7.35-7.45 7.31-7.41
Hydrogen ions 35-45 nmol/l
PO, 12-14 kPa 4.6-5.8 kPa
PCO, 4.5-6.0 kPa 5.5-6.8 kPa
HCOs 22-26 mmol/l 22-26 mmol/l
O, 95% 70-75%

Base excess/deficit —2to+2 —2to+2

dioxide effectively as in ventilatory failure. As carbon dioxide is released by the
cells it is hydrated to carbonic acid (H,COs3). This is a volatile acid which can
dissociate into water and carbon dioxide, the latter being exhaled. A metabolic
acidosis occurs when the ratio is altered due to a fall in bicarbonate because of a
loss of ions from the body or an accumulation of fixed acids which release
hydrogen ions. An example here is low cardiac output states, when cellular
hypoxia results in anaerobic metabolism with the release of lactic acid.

Conversely, a respiratory alkalosis is reflected in a fall in PaCO, due to
hyperventilation. In a metabolic alkalosis there is an increase in HCO5;™ due to
either excessive alkali intake or a net loss of hydrogen ions from the body, e.g.
vomiting/nasogastric aspiration and excessive diuresis. Table 3.3 outlines the
main causes of both respiratory and metabolic acid-base abnormalities. Some-
times both acidosis and alkalosis will be present at the same time. One will be
causing the primary problem and the other will be an attempt, successful or
otherwise, at secondary compensation. Similarly, both respiratory and metabolic
acidosis can coexist in disorders such as cardiorespiratory arrest, chronic
obstructive pulmonary disease complicated by heart failure, severe pulmonary
oedema, and combined respiratory and renal failure.

Several compensatory mechanisms are activated in the body to restore acid-
base balance:

m The buffer system is activated almost immediately and involves bicarbonate,
proteins and phosphates accepting hydrogen ions

m Changes in ventilatory pattern will occur to either remove carbon dioxide (in
acidosis) or retain carbon dioxide (in alkalosis)

m The renal system is efficient in either secreting or retaining ions such as
bicarbonate and hydrogen. This compensatory mechanism, however, occurs
over several days and acute respiratory acidosis can be life threatening

As outlined earlier, tissue oxygenation depends not only upon pulmonary
factors but also upon an effective cardiac output. The following section outlines
how this is achieved.
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Table 3.3 Major causes of acid-base abnormalities following surgery
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Abnormality

Causes

Respiratory problem
Acidosis — increase in PaCO,

1 hydrogen ions
L pH

Alkalosis — decrease in PaCO,

| hydrogen ions
T pH

Metabolic problem
Acidosis — decrease in HCO3; ~

1 hydrogen ions

L pH

increase in fixed acids, e.g. lactic acid
or

loss of HCO; ™~

Alkalosis — increase in HCO; ™~

| hydrogen ions
T pH

Respiratory depression associated with:

e pain

e excessive sedation

e early weaning from ventilation
Pulmonary compromise due to surgery
Chronic obstructive pulmonary disease
Acute asthma

Acute respiratory infection

Hyperventilation, e.g. anxiety

Early phase of pulmonary compromise where

ventilatory drive 1

Anaerobic metabolism as a result of poor tissue

oxygenation
Ketoacidosis
Renal disease

Vomiting
Nasogastric aspiration
Alkali intake

Cardiac physiology

Macrostructure of the heart

The heart, sitting within the thoracic cage, comprises a right and left pump, each
of which have two chambers. The atria are weaker pumps, moving blood towards
the ventricles while the ventricles supply the force that pumps blood around the
pulmonary or systemic circulations. Ensuring blood flows in one direction

through these chambers are the semilunar, and atrioventricular valves (AV).

Semilunar valves

The semilunar valves lie at the opening of the ventricles; the pulmonary valve at
the junction of the right ventricle and pulmonary artery, and the aortic valve
where the aorta leaves the left ventricle. These prevent the backflow of blood from
the arteries during diastole. In an adult the aortic valve has an opening of
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approximately 2.5-3.5 cm? and is a tri-leaflet structure. The coronary ostia, where
the coronary arteries originate, is approximately 1-2 cm above the aortic valve, in
the region of the aortic root. The significance of this close proximity to the valve is
seen when aortic stenosis results in a decrease in the coronary blood flow and
angina. Similar in size to the aortic valve, the pulmonary valve guards the outlet of
the right ventricle.

Atrioventricular valves

The atrioventricular valves prevent the backflow of blood from the ventricles to
the atria during ventricular contraction. Between the right atria and ventricle sits
the tricuspid valve. This has an opening of approximately 4-6 cm?, and as its name
implies, has three cusps. The mitral valve, opening to 2-4 cm?, lies between the left
atria and ventricle, in close proximity to the aortic valve. It is a bi-leaflet structure,
with an anterior and posterior cusp. The anterior cusp generally opens and closes
to allow the free flow of blood whereas the posterior cusp is relatively immobile.
Chordae tendinae are fan-like structures between the atrioventricular valves and
the papillary muscle on the heart wall and prevent the closed valve bulging into
the atria during ventricular contraction. The papillary muscle contracts, the
chordae tendinae tighten and the valve consequently shuts.

The coronary arteries

There are two main coronary arteries: the right and left coronary artery. The left
coronary artery rapidly divides into the circumflex and left anterior descending
artery. These arteries form further branches that extend over the epicardial surface
of the heart and penetrate deep within the endocardium, thereby ensuring the
myocardium receives a plentiful blood supply. The arteries become arterioles and
capillaries and blood returns to the heart through the coronary veins. The veins
follow the same course as the arteries finally feeding into the great cardiac vein
and then the coronary sinus that empties into the right atrium (Fig. 3.9). Addi-
tional vessels such as the thebesian veins also empty directly into the heart
chambers.

Blood flow though the coronary arteries is regulated by local vasodilation in
response to need. For example, when the heart muscle has an increased demand
for oxygen and nutrients, due possibly to exercise or an acute illness, the coronary
arteries are able to dilate up to five-fold. The exact mechanisms involved in this
are unclear, although there is general agreement that vasoactive substances are
secreted from the endothelial lining of the arteries. These substances, initially
identified as endothelial-derived relaxing factor (EDRF), include prostacyclins
and nitric oxide which cause the coronary arteries to vasodilate. It is important to
note, however, that these substances are only secreted by an intact endothelium.
Hence in the presence of coronary heart disease, where atheroma disrupts the
endothelium, these factors are not secreted. Instead a vasoconstricting substance
or endothelial-derived constricting factor (EDCF) such as prostanoid or endo-
thelin causes vasoconstriction (Levick 2000). Adenosine, although not secreted
from the endothelium, is also thought to play a vital role in vasodilation of the
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Fig. 3.9 Coronary blood supply. (a) Anterior surface of the heart. (b) Posterior surface of the
heart. From Hatchett & Thompson (2002), with permission.

coronary arteries (Ganong 2001) and consequently used in their evaluation (see
Chapter 4).

Microstructure of the heart

A cardiac muscle fibre is made up of several individual cells. These long, narrow
cells enable the rapid and effective contraction and relaxation of the heart. Figure
3.10 depicts the important features of the cardiac cell. Surrounding the cell is the
sarcolemma, or cell membrane, a bi-layer of phospholipid. Within this are various
channels, intercalated discs and tubules that enable the rapid movement of ions
and electrical charge that results in rapid and coordinated contraction.

The intercalated discs or nexus, form junctions between adjacent cells where they
decrease electrical resistance. These communicating gaps are also referred to as gap
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Fig. 3.10 Important features of a cardiac cell. From Hatchett & Thompson (2002), with
permission.
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junctions (Smith & Kampine 1990). Their permeability is affected by various phy-
siological factors. For example, ischaemia is thought to alter permeability through
these gap junctions and so decrease myocardial contractility. The transverse tubules
(T-tubules) are invaginations of the sarcolemma that cause the extracellular fluid to
be in close proximity with the cell interior, furthering the rapid exchange of ions. In
other words, the T-tubules increase the surface area of the sarcolemma to the sar-
coplasm or cell interior and so enhance the effectiveness of the heart contraction. T-
tubules appear to be more developed in the cardiac cell (Guyton & Hall 1996) where
the extracellular calcium concentration is important for cardiac cell contraction.
Conversely, the sarcoplasmic reticulum is less well developed in the cardiac cell
(Downey & Heusch 2001) yet is the major store of intracellular calcium. Therefore,
although the calcium ion concentration within the sarcoplasmic reticulum of ske-
letal cells influences the force of contraction, it is the extracellular concentration that
plays a greater part in cardiac contraction. Approximately 70% of calcium used by
the cardiac cell comes from the extracellular fluid. However, the increase in free
calcium within the sarcoplasm causes the sarcoplasmic reticulum to release its
calcium content that then contributes towards contraction.

Mitochondria are the storehouse for adenosine triphosphate (ATP) and so are
important features for cellular function. The great number of mitochondria found
in cardiac cells provides a plentiful energy source for the cell and reduces the
likelihood of anaerobic cellular metabolism during periods of small oxygen debt
(Smith & Kampine 1990). The cardiac cell cannot tolerate oxygen debt, as is seen in
myocardial infarction.

Myofibrils

Myofibrils are the contractile portion of the cell. They are rod-like structures that
lie longitudinally within the cell and comprise many units, called the sarcomeres.
Within each sarcomere are myosin (thick) and actin (thin) filaments. These also lie
longitudinally, overlapping to a variable degree. The myosin filaments comprise
several myosin molecules. The molecule “tails” are grouped to form the filament,
whereas the ‘head” protrudes from the other end. The heads spiral around the
length of the filament and it is at this head that ATP is broken down to enable the
myosin and actin filaments to interact. Figure 3.11 shows the arrangement of these
myofibrils and the cross-bridge formation.

The actin filaments comprise bead-like protein molecules arranged in a double
strand of filaments that spiral around themselves. Two other proteins, tropomysin
and troponin, lie on this filament and regulate the interaction of the myosin and
actin filaments. When the cell is relaxed, troponin and tropomysin prevent the
interaction of the actin and myosin filaments. When the electrical charge of the cell
changes, free calcium ions bind with the troponin molecule. The tropomysin
molecules move, utilising energy, and the filaments are able to loosely attach to
each other. Once attached, the myosin head performs a ‘rowing’ action and the
actin and myosin filaments slide over each other. The actin head then detaches
itself and reattaches to another myosin molecule to ‘row” again. This occurs
possibly 40 times during the course of one contraction and demonstrates the
amount of energy utilised with each cardiac cell contraction. This process is
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Fig. 3.11 Cross-bridge formation.

referred to as excitation-contraction coupling and results in shortening of the fibre
length and muscle contraction.

It is clear, then, that the number of cross-bridges that form influence the force of
contraction, or intropic state, and is dependent upon the period of time that cal-
cium is freely available within the cell. As cross-bridges can only form where there
is some overlapping of the actin and myosin fibres, the state of stretch of the
resting fibre length will also influence the force of contraction. When calcium
leaves the cell, the troponin and tropomysin complexes return to their original
positions and the heart relaxes. This explains how the administration of intra-
venous calcium effectively increases the force of cardiac cell contraction while
having a lesser effect upon the skeletal muscle cell.

Electrical conduction

Another unique feature of the heart is its ability to initiate and propagate an
impulse. The sinus node, situated on the superior lateral wall of the right atrium
close to the opening of the vena cava, has its own intrinsic firing rate of 60-100
beats per minute. As this is the fastest rate within the conduction system, the sinus
node will normally act as the pacemaker to the heart. From the sinus node, the
impulse spreads across the atrium (both right and left) and then to the atrio-
ventricular (AV) node. How the impulse is conducted through the atria is unclear.
It is generally considered that there are three internodal tracts: the anterior,
middle and posterior internodal pathways. These are small bundles of fibres that
enable the propagation of the impulse (Guyton & Hall 1996). Interestingly, there is
no histological evidence for these pathways (Thompson 1983; Moorman & Lamers
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1999) and it may be that the conduction just passes through atrial tissue to the AV
node. Fibrous tissue separates the atria and ventricles and surrounds the opening
of the valves. Throughout this tissue are specialised conduction pathways such as
the Bundle of His that enable the propagation of the action potential.

Action potential of the cardiac cell

The myocardial cell has specific electrical properties that are dependent upon the
difference in electrical charge of the extracellular and intracellular fluid - the
potential difference. The ions of particular relevance to this electrical charge are
sodium, potassium, calcium and chloride. The interior of the cell is more nega-
tively charged than the extracellular fluid and has a higher concentration of
potassium ions (150 mmol/1 : 3.5-4.5 mmol/1). This gives the resting ventricular
muscle cell, a potential difference of —90mV. This resting membrane potential is
created and maintained by the active transport of potassium ions into the cell, and
the outward movement of sodium ions. The higher concentration of potassium
ions within the cell, leads to a constant efflux of potassium ions according to their
concentration gradient. Therefore this active transport, against a concentration
gradient, is essential for efficient cellular function.

Excitation of the cell begins when an electrical stimulus results in an inward
current of positively charged ions and the action potential is triggered (see Fig.
3.12). Fast sodium channels within the sarcolemma open and an inward current of
positively charged sodium ions rapidly changes the electrical charge from around

Phase 1
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Fig. 3.12 Action potential of the cardiac cell.
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—90mV to +30mV (phase 0). This rapid depolarisation is best seen in the
upstroke of the action potential of the ventricular muscle cells. As it is dependent
upon the influx of sodium, extracellular sodium concentration is important. A
serum sodium of <140 mmol/1 will lead to a reduced upstroke and hence
amplitude of the action potential. Once the action potential is triggered, the per-
meability of the cell wall to potassium ions decreases and potassium is no longer
able to move outwards. Also during the latter stages of phase 0, slow calcium and
sodium channels open and contribute to the influx of positively charged ions. This
is another unique feature of the cardiac cell (Guyton & Hall 1996) and helps to
prolong the duration of the action potential. The increase in intracellular calcium
also alters the electrical resistance of the gap junctions and potassium does not
move out (Smith & Kampine 1990) also contributing towards the plateau phase.

Following the rapid entry of sodium, the fast sodium channels close and the cell
voltage starts to fall to around 0 (phase 1). Calcium continues to enter the cell and
the sarcoplasmic reticulum releases its calcium content. The electrical charge of
the cell is maintained at a constant level and is referred to as the plateau phase
(phase 2). It is the uniqueness of this plateau phase that gives a longer duration to
the action potential and enables the cardiac muscle cell to contract 3-15 times
longer than skeletal muscle (Guyton & Hall 1996; Wahler 2001). The plateau is
pronounced still further in the ventricular cells where it is necessary for effective
ventricular contraction.

During phase 3, the calcium channels close. Calcium no longer enters the cell
and is actively pumped back into the sarcoplasmic reticulum or the extracellular
fluid. The efflux of potassium starts again and the cell voltage rapidly moves
towards its negative resting voltage. The resting membrane potential (RMP) is
then maintained at around —90mV by the active transport of sodium out of and
potassium into the cell. The maintenance of this RMP is referred to as phase 4.

Factors affecting the RMP of the cell will affect the rapid influx of sodium ions,
and therefore phase 0 of the action potential. For example, hypokalaemia
increases the potential difference and the velocity of depolarisation will therefore
increase. It is important to note, however, that when the serum potassium falls
below 3 mmol, then the opposite effect occurs (Smith & Kampine 1990). In the
same way, if the resting membrane potential becomes less negative, as occurs in
hyperkalaemia, the influx of sodium ions takes place through the slow channels
and the velocity of depolarisation is reduced.

Throughout the conduction system, the action potential differs. For example,
the RMP of the cells of the sinus node are in a constant state of flux. Sodium
gradually leaks into the cell causing the voltage to become less negative. An action
potential is triggered and the cells spontaneously depolarise (Wahler 2001). More
distal to the sinus node, the slope of the RMP is more gradual, leading to the
slower intrinsic firing rates of the atrial and ventricular tissue.

Mechanical events of the cardiac cycle

Blood flow through the heart occurs due to pressure changes and gravity. This
cycle of events is termed the cardiac cycle. Each cardiac cycle consists of relaxa-
tion, or diastole, and a period of contraction or systole, and is depicted in Fig. 3.13.
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Fig. 3.13 Cardiac cycle.

Blood enters the atria from the inferior and superior vena cavae and pulmonary
vein, and then moves passively through an open AV valve into the ventricle. This
ventricular filling accounts for 75% of the final ventricular blood volume. When
the heart starts to contract, atrial systole occurs forcing the last remaining volume
of blood into the ventricles and is sometimes referred to as the “atrial kick’. These
first two stages of the cardiac cycle occur during ventricular diastole and form the
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diastolic filling time of the heart. When the heart rate increases, this period of
diastole is shortened and the volume of blood entering the ventricle consequently
decreases. This should not become clinically apparent unless the heart rate
exceeds 130 beats per minute (Riley 2002). However, the loss of atrial systole, as
occurs in atrial fibrillation, may compromise the haemodynamic status at a slower
rate.

The electrical impulse then passes to the AV node, and ventricular contraction
starts. The papillary muscles contract to force the AV valves shut and prevent any
further movement of blood into the ventricles. The volume of blood in each
ventricle at this point is referred to as the end-diastolic volume (EDV) and
approximates 120 ml. The ventricle continues to contract in what is termed iso-
volumetric contraction, until the pressure within it exceeds the pressure in the
pulmonary or systemic circulation and the semilunar valves are forced open and
blood is ejected (ventricular ejection). The amount of blood ejected from the
ventricle represents about 70% of the total ventricular volume and is known as the
stroke volume. In an average adult, this is approximately 80 ml. The volume of
blood remaining in the ventricle (end-systolic volume, ESV) is therefore
approximately 40 ml. There is considerable variation in the ESV. If the heart
contracts more forcibly, the stroke volume may increase and the ESV will con-
sequently decrease. This cardiac reserve, then, is essential to enable the changes in
stroke volume associated with the ability to exercise or to cope with increased
metabolic demands. Ventricular relaxation then occurs, the semilunar valves snap
shut, and the cardiac cycle repeats itself.

The purpose of the cardiac cycle is to create a cardiac output, which is the
volume of blood pumped out of the heart in one minute. As the average adult
stroke volume is approximately 70 ml, and the heart rate 70 bpm, the cardiac
output will be 70 x 70 (4900 ml) or just under 5 litres per minute at rest.

Preload, contractility and afterload

When referring to the cardiac output, three terms are frequently used: preload,
contractility and afterload. Variations in these will affect the cardiac output.

Preload

Preload refers to the force that stretches the resting myocardium and so deter-
mines the resting length of the sarcomeres. This force is related to the EDV and is
closely approximated to the right atrial pressure or pulmonary artery wedge
pressure, frequently used as clinical indicators of preload. The preload is therefore
a product of ventricular filling and atrial systole and is important in influencing
the stroke volume and hence cardiac output. Various factors that may affect the
preload are outlined in Table 3.4.

Contractility

Contractility refers to the inotropic state of the heart and the extent and velocity of
shortening of the sarcomeres. Through the movement of calcium into the cell,
cross-bridges form, and the sarcomere shortens. The force that is generated in this
shortening relates to contractility. Contractility is also influenced by the stretch of
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Table 3.4 Factors affecting preload

Increased preload Decreased preload
B Vasoconstriction B Vasodilation
m Transfusion of blood or fluid B Hypovolaemia: haemorrhage, dehydration
B Head down position B Standing
B Increased skeletal pumping action; B Decreased respiratory pumping action; positive
dynamic exercise pressure ventilation, raised intrathoracic
pressure, Valsalva manoeuvre
B Cardiac tamponade, constrictive pericarditis
B Tension pneumothorax

B Arrhythmias, e.g. atrial fibrillation, atrial flutter,
AV dissociation

the sarcomere in its resting state. This stretch increases the number of cross-
bridges that are able to form through being in close proximity. However, it may be
that the stretch of the resting sarcomere increases its sensitivity to intracellular
calcium and so facilitates calcium release from the sarcoplasmic reticulum
(Skarvan 2000). Levick (2000) suggests that the increased sensitivity may be
facilitated through stretch-sensitive channels in the sarcolemma that respond to
the increased fibre length and so increase intracellular calcium. Either way, the
increase in intracellular calcium enables a greater number of cross-bridges to
form, detach and reattach, and improves sliding of the filaments and shortening of
the muscle length.

This inotropic state of the heart can be increased though endogenous and
exogenous sources (see Table 3.5). Previously the role of intravenous calcium has
been discussed in relation to how it can increase the force of contraction of the
heart and so act as an exogenous inotrope. Similarly, catecholamines, whether
naturally occurring as part of the stress response or administered pharmaco-
logically as epinephrine, increase intracellular calcium and hence the force of
contraction. Digoxin also has an inotropic action, and by binding with the sodium
and potassium pumps prevents sodium being extruded from the cell. Intracellular
sodium concentration consequently increases. This in turn activates the sodium/
calcium exchange pump. Sodium is expelled from the cell in exchange for calcium

Table 3.5 Factors affecting contractility

Increased contractility Decreased contractility

B Sympathetic nervous system stimulation ~ W Myocardial hypoxia

B Catecholamines, exogenous and B Pharmacological depressants: beta
endogenous blockers, calcium channel blockers, most

B Angiotensin Il anaesthetic agents

B Intravenous calcium B Metabolic depressants; acidosis

B Increased myocardial oxygen delivery B Decreased preload

W Increased preload B Increased afterload
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and the intracellular concentration of calcium rises. The consequence is an
increase in free calcium and an increase in contractility.

Afterload
Afterload describes the force that opposes the shortening of the sarcomeres and
hence contraction of the ventricles. It is determined by the impedance to flow and
ventricular wall tension. Wall tension, determined by the law of Laplace, states the
relationship between the radius of the chamber, its pressure and thickness. Hence,
afterload depends upon the radius of the ventricle as well as the ejection pressure.
As the volume or radius increases, so the afterload will also increase. Therefore, as
the ventricle ejects blood, the radius reduces and there is a gradual reduction in
afterload, making the latter stages of ventricular ejection easier.

Contractility is inversely related to afterload. Therefore, an increase in afterload
will decrease the extent and velocity of sarcomere shortening (see Table 3.6).

Table 3.6 Factors affecting afterload

Increased afterload Decreased afterload

B Increased aortic impedance B Decreased aortic impedance

B Aortic stenosis B Arteriolar dilation

W Vasoconstriction B Reduced ventricular cavity size
m Dilation of ventricular cavity

The relevance and interrelationships between the three terms is seen through
the Frank-Starling law of cardiac contractility (Fig. 3.14). This law states that
there is a relationship between the length of the muscle filament and the ten-
sion generated. In other words, as the filaments are stretched, greater tension is
generated and the ensuing force of contraction (velocity) will be greater. A
greater volume of blood will then be pumped out of the ventricle. If the muscle

Ventricular performance

Ventricular end-diastolic volume

Fig. 3.14 Frank-Starling law of cardiac contractility.
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cells are insufficiently stretched, shortening will be less and the force of contrac-
tion, reduced. Therefore the amount of blood in the resting ventricle, the pre-
load, will influence the amount of stretch on the muscle cells, and hence the
stroke volume.

Curve A on Fig. 3.14 demonstrates this linear relationship: as the preload
increases, stroke volume will also increase. Similarly, if available calcium is
increased, as occurs at greater fibre length, the inotropic state of the heart will
increase the stroke volume still further. This is depicted on the latter part of this
curve at point B. The correlation between the end-diastolic volume and tension is
not always linear, and this is represented in the plateau phase of the curve C.
Here, an increase in preload will not increase the stroke volume. Applying the law
of Laplace, we can see how an increase in preload will also increase afterload and
impede ventricular output. In health, the increased contractile force overrides this
potentially negative effect. However, in the failing heart, the increase in afterload
created by the increased preload seriously impairs the heart’s pumping action and
leads to a reduced cardiac output, shown as point D on the curve.

In the short-term, an increase in heart rate appears to increase myocardial
contractility, possibly through B-adrenergic stimulation (Skarvan 2000) as well as
through increasing preload, and offers benefit. However, a long-term tachycardia
appears to have adverse effects. In health, then, it can be seen how the function of
the heart is determined by the interplay of preload, afterload and contractility. Il
health changes these relationships and contributes towards a worsening spiral of
physiological consequences. Many of our interventions as cardiothoracic surgical
nurses aim to influence favourably these factors.

Cardiovascular regulatory mechanisms

Earlier, the role of the lungs and heart in contributing to effective oxygen delivery
was outlined. The integrity of the peripheral circulation is also important in this
respect and ensures that the oxygenated blood ejected by the left ventricle is
delivered and tissue perfusion pressure maintained. Blood pressure (BP) is
determined by the cardiac output (CO) and systemic vascular resistance (SVR):

BP = CO x SVR

The peripheral circulation is made up of a vast, complex network of blood
vessels which can be divided into three main sections:

m Arterial bed including arterioles: distributes the cardiac output to the various
regions of the body

m Capillary bed: perfuses the tissues thus supplying cells with oxygen, nutrients
and additional factors

B Venous system: returns deoxygenated blood to the heart

Following cardiac and thoracic surgery, haemodynamic changes can occur
quickly and can seriously compromise tissue perfusion. When this occurs a
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number of compensatory mechanisms are activated to preserve effective perfu-
sion pressures so that normal cellular function is maintained.

Systemic arterial system

It is in the smaller arteries and arterioles where most of the resistance to blood
flow is found. So important is the vascular resistance of the arterial bed that a
number of factors contribute to its control. First of all, stimulation of the sympa-
thetic nervous system results in the release of norepinephrine which targets
adrenergic o receptors found on the smooth muscle cell membrane in the tunica
media of these vessels. This is mediated through the vasomotor centre in the
medulla oblongata which helps to maintain a steady state of contraction of this
muscle. The peripheral vessels in the kidney, skin, spleen and mesentery are
particularly well supplied with o receptors so that when peripheral resistance
needs to be increased this is not at the expense of perfusion to the brain, heart and
skeletal muscle. This o receptor activity ensures that blood is diverted to key areas
while peripheral resistance and therefore blood pressure is maintained.

Sympathetic nerves supply the adrenal medulla but at this site it is the
neurotransmitter acetylcholine which stimulates the release of norepinephrine
and epinephrine. Norepinephrine results in o receptor effects (vasoconstriction)
and epinephrine results in 3 receptor effects. Beta effects are mediated through f3,
receptors in skeletal muscle and cardiac blood vessels and result in relaxation and
therefore less vasoconstriction. It is the o receptor response via the sympathetic
nervous system which is responsible for the “peripheral shutdown” which occurs
in haemodynamically compromised states (cool extremities with pallor and
reduced urine output).

Local effects are also responsible for changes to arteriolar resistance. Increase in
body heat for example, as in rewarming following cardiac surgery or because of
infection, will dilate blood vessels both locally and also through thermoreceptors
in the hypothalamus. Through this vasodilatory action heat is quickly lost from
the body. Levels of carbon dioxide can increase resistance and high PCO, levels
can also cause vasodilation with a fall in resistance. Hypoxia can similarly result
in constriction of vessels through the sympathetic nervous system and, again,
with severe hypoxia this can result in local dilation and reduced vascular resis-
tance. Accumulation of hydrogen ions as a result of acidosis (e.g. lactic acid) can
result in vasodilation of resistance vessels (Ganong 2001).

The capillary bed

The capillaries make up the microcirculation and these vessels have thin walls
with no smooth muscle. The structure of the capillary is important as although
there is only 5% of the blood volume in the capillaries at any one time the semi-
permeable nature of the capillary walls allows perfusion of the tissues and the
removal of waste products. The cross-sectional area of the capillary bed is quite
large and blood flow decreases allowing this exchange to take place. At the origin
of the capillary there is often a small band of muscle which serves as a pre-
capillary sphincter. Closure of these sphincters allows sections of the capillary bed
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to be closed off thereby diverting blood to other areas, and at rest many capillaries
are closed. When tissues become more metabolically active the following local
factors result in relaxation of the pre-capillary sphincter and vasodilation:

m Increase in CO,
m Fall in PO,
m Fall in pH

When there is local tissue damage then capillaries may vasodilate in response to
agents such as substance P, bradykinin and serotonin. Histamine released by mast
cells in response to an allergen will also vasodilate and increase permeability.

Venous circulation

Capillaries drain blood into venules and then larger veins. Vein walls are thinner
than those of arteries and vein diameter is greater, allowing distension. Whereas
the arteries and arterioles are called resistance vessels the veins are referred to as
capacitance vessels because of their ability to act as a reservoir for blood. Venous
flow is aided by the increase in negative intrathoracic pressure during inspiration,
skeletal muscle contraction which compresses the veins and the presence of valves
preventing backflow.

Veins also have a sympathetic nerve supply. When stimulated by norepin-
ephrine muscle tone will increase, the venous bed will constrict and venous
return, and therefore preload to the heart, will increase.

Pulmonary circulation

Deoxygenated blood is pumped by the right ventricle into the pulmonary arteries
and this blood is referred to as mixed venous blood. Pulmonary arteries even-
tually branch into pulmonary capillaries, and the pulmonary circulation is
responsible for perfusing the lungs thus ensuring that each alveolus has a capil-
lary network for the exchange of oxygen and carbon dioxide.

Approximately 70 ml of blood flows through the pulmonary capillaries at any
one time. Compared with the systemic circulation the pulmonary circulation is a
high-volume, low-pressure system. The thin walls of the pulmonary arteries
contain much less muscle than the systemic arteries and this results in much lower
resistance overall. Figure 3.15 compares the pressures within the systemic and
pulmonary circulations.

At rest, not all pulmonary capillary networks are open and this results in dif-
ferent ventilation/ perfusion relationships throughout the lungs. With an increase
in cardiac output, perfusion increases and more capillaries are recruited, facili-
tating greater gaseous exchange. Pulmonary blood vessels also have neural and
hormonal control mechanisms. Sympathetic and parasympathetic nerve fibres
result in vasoconstriction and vasodilation respectively. Factors which increase
pulmonary vascular resistance include epinephrine, norepinephrine, serotonin,
histamine and thromboxane. Conversely, acetylcholine, some prostaglandins and
prostacyclin result in pulmonary vasodilation.
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Alveolar hypoxia results in localised pulmonary vasoconstriction which diverts
the blood towards areas that are better ventilated. This mechanism is referred to as
hypoxic pulmonary vasoconstriction. With some pulmonary diseases this
response may lead to very high pulmonary pressures due to increased resistance
and resulting in right ventricular strain.

Maintenance of blood pressure in the peripheral circulation

A number of compensatory mechanisms are activated when haemodynamic
status is altered. Autoregulation is the mechanism whereby local blood flow and
oxygen delivery to an organ are maintained. Although it is well developed in the
kidneys it is also seen in other tissues such as the myocardium and brain. The
metabolic theory explaining this response highlights the importance of vasodi-
lator substances such as lactic acid which accumulates in metabolically active
tissues (Ganong 2001). The myogenic theory of autoregulation stresses the con-
tractile response of smooth muscle to tension in the vessel wall and follows the
law of Laplace where wall tension is proportional to the distending pressure times
the radius.

Many internal organs of the body are innervated by both sympathetic and
parasympathetic nerve fibres and their neurotransmitters cause excitation or
inhibition depending on the receptor site targeted. A major component of
physiological control of blood pressure involves complex sensory signalling by
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the central nervous system affecting cardiac and vascular targets (Rea & Thames
1993). Increased sympathetic nervous activity is a major component of the com-
pensation which occurs when systemic blood pressure falls. High pressure
arterial baroreceptors in the carotid sinus and aortic arch respond to falls in blood
pressure by increasing sympathetic discharge from the vasomotor centre in the
brain stem. There are also low-pressure baroreceptors in the heart and pulmonary
vessels which sense low volume (Feton et al. 2000). Overall decrease in sensory
output from these baroreceptors ultimately increases sympathetic tone. Once
blood pressure increases then a feedback mechanism results in increased baro-
receptor firing which increases the parasympathetic/vagal response.
Sympathetic activity results in excitation of a receptors by norepinephrine in
peripheral vessels and redirects blood to essential areas increasing vascular
resistance and venous return. The resulting vasoconstriction reduces hydrostatic
pressure in capillary beds promoting the redistribution of fluid from the extra-
vascular compartment into the capillary lumen (Sielenkamper & Sibbald 2000).
Stimulation of p receptors by sympathetic arousal includes the following effects:

m Cardiac (B,): increased rate, conduction and contraction
m Coronary arteries (B,): vasodilation with increased myocardial perfusion
m Respiratory smooth muscle (B,): relaxation with bronchodilation

In addition to the above, early neural response hormonal mechanisms attempt to
further increase the intravascular volume and this is mediated through:

B Renin-angiotensin system
B Antidiuretic hormone (ADH)
m Adrenocorticotrophic hormone (ACTH)

Systemic factors in vasoactive regulation

As well as autoregulatory and neurohormonal responses there are a number of
systemic factors which can have a powerful effect on vessels. Table 3.7 gives
examples of various agents which demonstrate a vasoactive effect. A major source
of many of these vasoactive mediators is endothelial cells.

Figure 3.16 summarises the compensatory changes which occur following
haemorrhage. However, there are a number of disorders resulting in hypotension,
and although the eventual outcome will be the same if left untreated in terms of
cellular ischaemia and death, the underlying mechanisms resulting in compro-
mise vary. Because the maintenance of an adequate cardiac output is a key
determinant of systemic blood pressure, circulatory support will invariably
involve manipulation of preload, myocardial contractility, afterload and heart rate
(Hinds & Watson 1999).

This chapter has explored the physiological mechanisms which contribute
towards effective tissue oxygenation. Awareness by the nurse of these physiolo-
gical mechanisms and responses will not only aid in guiding patient assessment
but also increase understanding of the rationale underpinning the myriad of
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Table 3.7 Examples of vasoactive agents

Factor Source Blood vessels Additional effects
Nitric oxide (NO) Epithelial cells Vasodilator Bronchodilator
Endothelial cells
NANC nerves
Vasoactive intestinal  NANC nerves Vasodilator Bronchodilator
polypeptide (VIP)
Histamine Mast cells Vasodilator Bronchoconstrictor

Prostaglandins:
PGl,
PGE,
PGH,
PGFzCX
Kinins:
Bradykinin
Kalidin

Prostacyclin

Thromboxane A,

Angiotensin Il

Endothelin |

Arachidonic acid in
cell membranes
Arachidonic acid in
cell membrane

Tissue cells
Plasma

Endothelial cells

Arachidonic acid in
cell membranes

(e.g. endothelial cells
and platelets)

Renin-angiotensin

Endothelial cells

Vasodilators

Vasoconstrictors

Vasodilator

Vasodilator

Vasoconstrictor

Vasoconstrictor

Potent
vasoconstrictor

Bronchoconstrictors

Contracts visceral
smooth muscle
Increases capillary
permeability

Inhibits platelet
aggregation

Platelet aggregation

Bronchoconstrictor
cardiac contraction 1
heart rate 1

renal blood flow 1

therapeutic interventions. Figure 3.17 gives a useful overview of the many factors
to consider in ensuring that oxygen supply keeps up with oxygen demand.
Hypotension, which is not reversed, can result not only in direct cellular

damage but also in the initiation of a complex systemic inflammatory response
leading to further perfusion problems and widespread tissue injury (Waxman
1996). If oxygen delivery is not optimised then maintenance of cellular function is
not possible, and if cellular ischaemia is not corrected then organ failure and death
are inevitable consequences (Shoemaker et al. 1992). Haemodynamic instability
can develop at any time in the post-operative period although it is more common
in the first 24-48 hours. A sound knowledge of pulmonary and cardiovascular
regulatory mechanisms will assist in the early recognition of problems and in the
timely utilisation of effective strategies.
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For a small group of patients, surgery will be an unexpected event and the
opportunity for a full assessment will not be possible. For most, however, surgery
is elective and time will be available for the nurse to carry out the assessment, an
important objective being to prepare the patient both physically and psycho-
logically for surgery. Patients awaiting surgery frequently experience not only
worsening symptoms such as increasing breathlessness, chest pain and immobi-
lity, but also anxiety and fear (Billing et al. 1996, Doogue et al. 1997; Fitzsimons et al.
2000). Common fears relate to not waking from the anaesthesia, being diagnosed
with cancer, suffering pain after surgery, and absence from home or work
(Bengston et al. 1996; Mark et al. 1997). Heightened anxiety and fear may be
associated with poorer outcome including longer hospital stays, delayed wound
healing and higher rates of rehospitalisation (Kiecolt-Glaser et al. 1998).

For the person awaiting cardiothoracic surgery, anxieties may be compounded
by the serious nature of heart surgery, the extent of any tumour, or fear that they
may have to wait too long for the operation. Indeed, waiting is frequently lengthy
and it is during this period that appropriate nursing intervention can help
towards ensuring that maximum benefit is gained from surgery. This chapter
reviews the effects of the stress response to surgery while considering the nursing
assessment and management that may favourably influence the physiological and
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psychological status of the patient. While acknowledging the multi-professional
nature of health care, this chapter focuses on those issues that are important for
the nurse.

The stress response

It has been acknowledged for some time that admission into hospital increases
levels of anxiety and stress. Although the stress response is considered adaptive,
presenting the individual with an opportunity to master new skills, such a
physiological response may be maladaptive, taxing further the reserves of a
cardiopulmonary system already compromised. The stress response is mediated
through the autonomic nervous system and hypothalamic-pituitary-adrenal axis
(HPA). Hans Selye (1956) called this response the general adaptation syndrome
(GAS). The principal mediators involved are catecholamines and cortisol acting
either as neurotransmitters, hormones or both. Sympathetic arousal with
increases in epinephrine and norepinephrine enables the body to cope with
increased demands. Oxygen and glucose delivery to the cells are increased to
support increased energy expenditure.

Hospitalisation for cardiothoracic surgery, whether elective or emergency,
represents a crisis in the person’s life. The physical ‘trauma’ of surgery itself will
result in a massive physiological stress response, yet in the absence of this
response the maintenance of homeostasis would be impossible and surgical
outcome most likely poor. Although the mechanisms involved in psychological
stress and surgical stress are very different, both responses will be reviewed when
considering pre-operative factors which might increase post-operative risk. There
is recognition that, just like the general adaptation syndrome, the surgical stress
response is also adaptive, representing a universally conserved cellular defence
mechanism (Minowada & Welch 1995). For example, during acute stress under
the influence of cortisol, lymphocytes and macrophages are redistributed
throughout the body and ‘marginate” on blood vessel walls and within certain
compartments such as the skin, lymph nodes and bone marrow (Dhabhar et al.
1994). This response is important as far as the healing process is concerned and
differs from that in chronic stress where there may be a reduction of lymphocytes.
Cortisol also contributes to the integrity of the vascular compartment and the
circulation generally, and without cortisol circulatory collapse rapidly ensues
(Lamberts et al. 1997). It has also been suggested that relative adrenal insufficiency
resulting in low cortisol may contribute to a fatal outcome, especially in patients
with multi-organ failure. Generally, the acute stress response maintains a
hypermetabolic state in the peri-operative period, orchestrated by neuroendo-
crine, metabolic and immune systems. This metabolic activity promotes wound
healing and optimises host defences in the peri-operative period.

Knowledge of the possible harmful effects of the stress response during surgery
has grown enormously. The pathophysiological changes involved in surgical
stress are complex, but in the high-risk patient can contribute to multiple organ
dysfunction due to increased demand and difficulties in microcirculatory blood
flow, resulting in tissue damage and cell death. Improved mapping techniques
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have enabled researchers to focus more on the cellular and humoral components
of the stress response. A variety of pro-inflammatory mediators are involved
including cytokines, nitric oxide and metabolites of arachidonic acid (e.g.
prostaglandin PGE,) released from cell membranes. Cytokines are chemical
‘messengers’ released by many different cells which enable communication
between different cells. Although the HPA axis and sympathetic systems respond
to circadian, neural and blood-borne signals, they are also activated by cytokines
produced by immune-mediated inflammatory reactions, such as tumour necrosis
factor (TNF), interleukin-1 (IL-1) and interleukin-6 (IL-6) (Chrousos & Gold 1992;
Papanicolaou et al. 1998). By targeting some of these pro-inflammatory agents it
may be possible to modify the stress response thus avoiding some of the less
desirable aspects.

One effect of surgery under general anaesthetic, and as a result of the stress
response, is the depression in cellular and humoral immunity, particularly natural
killer cells. The latter are specialised lymphocytes which are cytotoxic to a variety
of tumour cells. Major surgery results in a greater increase in corticotrophin-
releasing hormone and glucocorticoids from the adrenal cortex. The more inva-
sive the procedure the greater the stress response will be. Such an effect has been
demonstrated in patients undergoing open heart surgery (Ryhanen et al. 1984) and
in surgery for resection of various tumours (Pollock et al. 1992). In surgery for
malignant tumours, surgeons have experienced difficulty in successfully elimin-
ating a patient’s tumour because of this immunosuppression and the develop-
ment of micro-metastases (Colacchio et al. 1994, Craig et al. 2001). The
consequences of such immunosuppression for the surgical patient in terms of
impaired wound healing and infection means that everything possible should be
done to attenuate the stress response. Preparation of patients for surgery may
increasingly involve the peri-operative maximisation of the immune response in
order to improve short-term morbidity and longer-term survival, particularly in
patients with cancer (Koltun et al. 1996).

Modification of the stress response in the peri-operative period and the
achievement of adequate tissue perfusion have become important goals in man-
agement (Pollock et al. 2000). Although a variety of different approaches have
been taken, the definitive therapy is still elusive. The use of pharmaceutical agents
which prevent the release of pro-inflammatory agents such as IL-1, IL-6 and TNF
would be useful, but to date only glucocorticoids have been studied in elective
surgical procedures. Any attempt to modify the inflammatory response during
surgery must be made with caution owing to the possible side-effects of
immunosuppression. Given the complexities of the altered physiology in surgical
stress and its devastating consequences, most would agree that minimal inter-
vention is best. There is an increasing trend in the use of minimally invasive
surgery, which reduces the extent of surgical stress and therefore immunosup-
pression and risk of infection.

Even with the surgical stress response reduced, what of the stress resulting
because of psychological factors? As well as the physical trauma of surgery,
psychological factors both before and following surgery may also result in sig-
nificant neurohormonal changes which may not always be adaptive. Emotions
and cognitions are powerful triggers of the stress response. The prospect of major
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surgery for the patient is associated with anxiety and the apprehension of per-
sonal injury (Kirschbaum & Hellhammer 1994; Smyth et al. 1998). In a study of
patients who had undergone coronary angioplasty, high self-esteem, a sense of
personal control and an optimistic outlook were linked with positive adjustment
following discharge (Helgeson 1999). Feelings of vulnerability together with
increased powerlessness, where there is perceived lack of control over the current
situation, results in the release of corticotrophin-releasing hormone (CRH) and
adrenocorticotrophic hormone (ACTH) with a subsequent rise in cortisol levels
(Peters et al. 1998). In one study of patients having cardiac surgery, pre-operative
salivary cortisol levels increased from 4.1 nmol/1 to 39.4 nmol/1, with plasma
cortisol levels reaching 419.0 nmol/1 before induction of anaesthesia (Bergmann et
al. 2000). Cortisol levels fell during surgery then rose again post-operatively. This
pattern of cortisol secretion has been found in earlier studies of cardiac surgical
patients (Tonnesen et al. 1987; Hahnel et al. 1994). Furthermore, negative emotions
can directly affect the cells of the immune system and can cause either an increase
or a decrease in the secretion of pro-inflammatory cytokines (Kiecolt-Glaser et al.
2002).

Although surgery may follow the sudden onset of symptoms, for many
admitted for cardiac or thoracic surgery there has often been a period of trying to
cope with a disorder which is chronic in nature with worsening symptoms,
increased disability and poor quality of life. Chronic illness presents the indivi-
dual with a number of challenges which can result in ongoing psychosocial stress.
There is increasing evidence of the negative impact of stress on immune function
in terms of increased risk of infection and prolonged illness episodes. In one
study, middle-aged healthy adults who reported high levels of chronic stress
showed suppressed cardiovascular and neuroendocrine responses during acute
stress and recovery (Matthews ef al. 2001). A suggestion here is that with repeated
efforts to cope, fatigue develops and the capacity to meet new challenges is
depleted. The implications of these findings for surgical patients needs further
testing. It may be that the additive effects of the acute stress of surgery, on top of
background chronic stress in some patients, may increase risk significantly.

Given that the stress response, while adaptive, can also result in problems for
the patient, what measures might be taken in the pre-operative period to minimise
any deleterious effects? The skilled nurse is able to draw on a range of appropriate
interventions to reduce psychological stress and to contribute towards minimising
the effects of the surgical stress response.

No matter how minimally invasive surgery becomes, most patients will con-
tinue to perceive such procedures as stressful. Yet if some neuroendocrine acti-
vation is inevitable because of the surgical procedure alone, are active measures to
reduce psychological stress in the pre-operative period going to affect patient
outcome to any significant degree? Is there any evidence to suggest that ongoing
anxiety and stress following cardiothoracic surgery has a negative effect on
patient outcome? Levels of stress and anxiety can be high following cardiac events
such as acute myocardial infarction and coronary artery bypass surgery. Affective
difficulties following such events can result in problems with longer-term
adjustment including return to work. Unfortunately, few studies have involved
patients undergoing thoracic surgery and this is an area where further investi-
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gation is urgently needed. Outcome is likely to be affected not only by the type of
surgery performed but also by the reasons for surgery in the first place. Patient
expectations are important too. Surgery may be seen as a possible cure, yet per-
ceived continuing deterioration and recurrence of symptoms post-operatively for
some patients may result in profound disappointment and contribute to feelings
of depression. Ongoing support is crucial for patients during this period.

The paradox whereby the stress response can be both protective and yet pos-
sibly damaging has been recognised for some time. There is, of course, enormous
individual variability in the stress response. Genetic factors account for some of
the individual variability but also important is the perception of the individual
and a person’s state of physical health, determined not only by genetics but also
by behavioural and lifestyle choices (McEwen 1998). This paradox is not merely
academic but has important practical implications for the patient undergoing
cardiothoracic surgery.

To what extent personality, behaviour, coping style and emotional state affect
surgical outcome is difficult to say as few studies have been carried out in this
area. Although there has been much nursing research looking at the potential
benefits of giving information before surgery, less is known about the usefulness
of specific psychological interventions. Although studies in psychoneuro-
immunology have shown some benefit from psychological interventions, not all
studies are conclusive, mainly owing to conceptual and methodological
difficulties. Given that emotions can indeed result in changes in immune
functioning, there are exciting research opportunities in cardiothoracic surgical
nursing exploring the possible benefits of various psychological interventions.

The pre-admission clinic

The pre-admission clinic is gaining popularity and is useful in ensuring both
physiological and psychological preparation of the patient and their family.
Laboratory blood work can be analysed and treatment commenced prior to hos-
pital admission, breathing exercises can be taught and information given to allay
anxieties. In addition, discharge planning can be commenced at this early stage.
For example, in the patient with co-morbidities such as angina, peripheral vas-
cular disease or disability, particularly where there is poor social support, a period
of convalescence can be organised well in advance of hospital discharge.

As early as the 1960s the importance of pre-operative information in reducing
pain was demonstrated (Egbert et al. 1964). A little later the seminal works of
Boore (1978) Hayward (1975) and Wilson-Barnett (1979) endorsed the association
between pre-operative information and reduced levels of anxiety, pain and
shorter hospital stay, suggesting that patient satisfaction would improve as
people were given an opportunity to discuss their anxieties and become familiar
with the surgical procedure.

Information-seeking coping strategies are used by patients predominately
during the pre-operative period and pre-operative information, given either the
day of hospital admission or during a pre-operative clinic visit, has become
standard practice (King 1985). Interestingly, recent studies do not support this
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(MacPherson & Lofgren 1994), and patients are often dissatisfied with the infor-
mation they are given pre-operatively (Davenport 1991; Bengston et al. 1996). A
recent large randomised controlled trial investigating the impact of pre-operative
education on post-operative anxiety failed to show any significant difference
between the groups in levels of anxiety, pain, depression or well-being (Shuldham
1999). The lack of consensus in these findings warrants further discussion and
may possibly result from changes in patients” expectations regarding the outcome
of their surgery or may allude to the timing and content of the information. The
question that remains, therefore, surrounds not so much the benefit or otherwise
of pre-operative information as the appropriate use of education strategies
regarding content, delivery and timing.

Immediately prior to major surgery it is not surprising to discover that the
patient is very anxious (Fitzsimons et al. 2000), and although learning may be
increased by anxiety, too much anxiety may create a negative effect and impair
their capacity to retain further information. In two small-scale studies, patients
were less anxious between 5 and 14 days prior to hospital admission (Cupples
1991; Klopfenstein et al. 2000). Consequently, information given during this time
may be more effectively retained. However, this is not widely agreed and others
have suggested that information given 1-3 weeks prior to surgery may exacerbate
feelings of helplessness and fear (Lepzcyk et al. 1990; Allen et al. 1992; Rakoczy
1997). Further thought may therefore be needed and larger-scale studies under-
taken regarding the purpose and timing of pre-admission clinics. Reducing
anxiety through regular manageable portions of information rather than pro-
viding it all at once, may prove more effective.

Any information should help the patient and family develop an under-
standing of the nature of impending surgery and foster the development of
effective coping strategies. Individual coping styles must be considered and it is
important to acknowledge that not all patients seek information but instead
may demonstrate avoidance coping behaviours indicative of denial. This coping
may be appropriate in the short term but could result in poor adjustment and
possibly depression later. The challenge for the nurse is in identifying indivi-
dual coping styles, adapting information accordingly and assisting in the
development of more effective coping strategies. This task may be too complex
to be undertaken in a group pre-admission clinic and may necessitate a more
individualised approach.

In a small study of patients awaiting cardiac surgery half the sample said they
would be interested to hear more about their illness and just over half would
attend a support group if possible (Teo et al. 1998). Similar findings by Mark et al.
(1997) concluded that a pre-surgical programme of support rather than a ‘once
only’ visit may be beneficial. The importance of social support in the recovery
process is well documented. Its impact is possibly through others encouraging
positive health care practices (Hubbard et al. 1984; Moser 1994). A support group
may offer an opportunity to communicate with others in a similar situation,
enable comparisons and so help patients normalise their own experiences.
Facilitation of the group by a health care professional offers additional support.
Support groups for patients with chronic illness are well established but the
concerns of relatives and caregivers must also be addressed.
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Topics for patient education

Before pre-operative information can be given it is important to understand the
type of information that may lead to positive outcome (Table 4.1). The period of
time waiting for major surgery may be lengthy and the patient more concerned
with the date of the operation than with details of the operation itself (Bengston et
al. 1996). Similarly, patients on the waiting list for cardiac surgery often feel iso-
lated and concerned that they may be forgotten (Davenport 1991). This uncer-
tainty generates enormous anxiety and may exacerbate symptoms of decreased
left ventricular function (Davenport 1991; Bengston ef al. 1996). It is important to
identify what the patient wants to know so that information is presented in a
realistic and meaningful way and retention enhanced.

Table 4.1 Topics for patient education

A Relevant anatomy and physiology

B Procedural information

Description of the operation

Date of the operation

Description of the post-operative course — days in ITU, length of stay etc.
Reassurance that nurse present at all times

Means of communicating in ITU/preferred name

Activity levels after the operation

Breathing exercises or other exercises the patient will be asked to perform
Introduction of pain assessment tool

Eating and drinking

Description of catheters, IV lines and drains, IPPV, O, masks etc.
Medication and possible side-effects

Hospital visiting policy (less important)

C Sensory information

Discomfort associated with pain, nausea and thirst

Sensations associated with ITU environment, ventilatory assistance, suctioning etc.

Control of distressing sensations/discomfort — pain control, anti-emetics, moistening of mouth
Possible complications/associated risks and prolonged ITU stay

Possible meaning and explanation of symptoms experienced

D Post-operative issues and lifestyle changes

Return to social and employment activities, including sexual activity
Self-monitoring/self-management

(see Chapter 7 ‘Returning home’)

If pre-operative education is to provide benefit to the patient and family,
strategies should be used to enhance these benefits. Within the current philosophy
of patient empowerment, active participation in goal setting and the imple-
mentation of care is appropriate. Interestingly, in one experimental study which
measured the impact of active patient involvement, there was an increase in
satisfaction in those actively involved in the education programme but no sig-
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nificant difference in post-operative complications and surgical outcome between
the two groups (Wong & Wong 1985).

Sex differences

Although there has been a great deal written regarding the need for information
among patients waiting or following surgery, few studies have addressed the
differing needs of men and women. Although studies involving small samples
have found no difference in the information needs of men and women (Galloway
et al. 1993; Jickling & Graydon 1997), a more recent study of 700 patients awaiting
coronary revascularisation indicated that women had greater fears surrounding
surgery, anaesthesia and post-operative pain. Conversely, men were more fearful
of the economic disruption or perceived sexual relationship changes (Koivula et al.
2001). Another study of women recovering from cardiac surgery revealed that
women experience greater fatigue, have more negative emotions and are con-
cerned over a lack of sensation in their breast region (Moore 1995). This sex dif-
ference in post-operative recovery should be reflected in the pre-operative
information given to patients.

Strategies for patient education

Verbal information alone is often poorly retained and a variety of media is often
more effective. Verbal information may be usefully supplemented with written
leaflets or videos. The use of leaflets, however, is not without problems. Some
information dates very quickly and information sponsored by commercial com-
panies may emphasise bias and self-interest while hospital-produced information
is both time-consuming and costly to prepare. Computer packages or videotapes
may be of use, as can hospital websites for specific information, even providing a
virtual tour of the hospital. This is particularly useful for patients who must travel
to another hospital, e.g. a tertiary referral centre, which may be some distance
from their home.

The main advantage of pre-admission clinics may be in the assessment of the
patient by the surgeon and the provision of information by the nurse specialist.

It is unrealistic, with current health care delivery, to expect any nursing
assessment to be performed by the nurse responsible for the patient’s post-
operative care. In small units this may be achievable, enabling the surgical nurse
to build up a trusting relationship with both patient and family. However, there is
no research to support this and it is the quality of the information giving and the
documentation which is likely to be the key factor in contributing to improved
communication and in allaying patient anxiety.

Fitness for surgery

In a study of patients awaiting cardiac surgery, Fitzsimons et al. (2000) demon-
strated reduced physical functioning during the waiting period, and not sur-
prisingly in almost 80% of the sample this had led to a significant deterioration in
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quality of life. Recovery is affected by health perceptions, and those with lower
levels of perceived health are less likely to be relieved of their symptoms of angina
or breathlessness following interventions (Fitzsimons et al. 2000; Lindsay et al.
2001). As patients become more sedentary prior to cardiothoracic surgery, their
fitness for surgery may be compromised further. Maintaining physical activity
should be a priority, yet as angina or breathlessness frequently increase during the
wait for surgery, this will inevitably pose problems. Services for surgery must be
maintained in order to reduce lengthy waiting periods and their significant det-
rimental impact on health outcome.

The long periods of waiting for surgery are likely to persist in the UK for some
time and ways to use this time positively should be sought. The development of
secondary prevention clinics should be considered, where secondary prevention
advice including symptom management and smoking cessation could be given
possibly influencing later surgical outcome. Results of a randomised controlled
trial utilising a “shared care” approach of monthly health education and motiva-
tional interviewing by a specialist nurse and practice nurse, resulted in a sig-
nificant reduction in risk factors for CHD and operative risk and demonstrated an
improvement in general health status (McHugh et al. 2001). Similar models have
proved successful in chronic disease management such as asthma or diabetes. For
patients awaiting cardiothoracic surgery, care is generally viewed as an issue for
the acute secondary care sector. Yet the primary care setting is ideal for any pre-
operative nursing intervention although there are developmental issues for those
involved. Table 4.2 provides a useful guide for patient assessment.

Another strategy includes the use of a telephone support service to provide a
more cost-effective and cost-efficient model of care. Telephone helplines have
been widely used to provide up-to-date information, with individualised
responses (Lindsay et al. 1995) and indeed this model is reflected in the NHS
Direct service, providing reliable information to patients about their condition
and treatment and advice regarding when to seek further medical help (DoH
1997).

The scarcity of resources reinforces the need for valid research and the piloting
and evaluation of any proposed innovative model of care is crucial. Before any
new care model is implemented cost should be considered together with the
efficiency and effectiveness of the service delivered.

Physiological assessment

The waiting period for surgery should not just address patient education, but also
allow time for nursing assessment, identification of any deficits and maximise the
physical status. Optimising cardiorespiratory status to enhance recovery from
surgery is particularly important. Each patient assessment should involve full
coverage of the patient’s physical and psychosocial status. Physical assessment
will entail a review of all systems and will identify problems that may have
particular significance for the current period of hospitalisation in terms of risk
reduction. In reality the type of physical assessment carried out by nurses will be
dictated by local practice and culture of the organisation. It is beyond the remit of



74 Chapter 4

Table 4.2 Coronary heart disease: secondary prevention assessment

Target Assessment tool Progress

Smoking habit Consumption
(smoking cessation)

Alcohol intake: Consumption
females <1 unit/day
males <2 units/day

Diet (5 portions 3-day patient recall
fruit/vegetables/day)

Blood cholesterol: Fasting blood level
HDL >1.0 mmol/l
LDL <3.0 mmol/I

Fasting blood glucose Fasting blood level
(<7.0 mmol/l)
Blood pressure: Sphygmomanometer

<140/85 mmHg
diabetics <130/80 mmHg

Body mass index (<25.0) Weight (kg)/Height (m?)

Waist girth: Waist measurement
females <80 cm
males <94 cm

Physical activity (regular Patient diary
aerobic activity of 30-40 min,
3-5 times/week)

Functional ability Exercise test/Duke activity
status index. Symptoms:
angina, breathlessness

Improved quality of life SF 36 questionnaire

Psychosocial adjustment to PAIS questionnaire
chronic illness

Stress management HAD score
(no depression, functions well
in all aspects of life)

this text to give a comprehensive account of how such an assessment should
proceed. There are some excellent textbooks addressing this topic and suggestions
are made at the end of this chapter.

Diagnostic tests are now widely available to provide an accurate assessment of
the cardiac status (see Table 4.3). Although some of these tests will have been used
to assist with the original diagnosis, they may also be useful to complete a
physiological assessment and stratify post-operative risk. In patients undergoing



Table 4.3 Diagnostic tests for cardiac assessment

Diagnostic test

Description

Information gained

Nursing implications

Electrocardiogram

Chest X-ray

Ambulatory (holter)
monitoring

Exercise tolerance test
(stress test, treadmill tests,
exercise ECQ)

Recording of the conduction of the
heart from various views

Radiographic picture of the thorax

24 hour, 12 lead ECG recording.
Monitor is worn with a strap around

the body

Using a recognised protocol (usually
the Bruce protocol) the patient walks
on the treadmill and the slope and
speed are increased at 2-3 minute
intervals. Constant monitoring of
ECG, HR and BP demonstrate the
physiological response to exercise.
The rate of perceived exertion is also
recorded

B Characteristic patterns
associated with ischaemia,
injury, infarction and muscle
mass size

B Cardiac shadow, left ventricular
hypertrophy, cardiomegaly,
pulmonary congestion/pleural
effusion

B Silent ischaemia or arrhythmias
suggestive of ischaemia
B Conduction abnormalities

B Exercise-induced myocardial
ischaemia demonstrated through
ST segment changes

B Limitation by HR or rate of
perceived exertion (RPE) may
relate more to deconditioning
than to myocardial ischaemia

B No special preparation

B No special preparation

Avoid showering, getting the box
wet

B Record diary throughout, noting
symptoms of chest pain,
palpitations, dizziness etc.

B Patient must be aware that they
can ask to stop the test

B False positives may be found
among women more frequently

B Should not be used in presence
of LBBB

Contd

uoypvdaiJ 2013pado-asJ

174



Table 4.3 Contd

Diagnostic test

Description

Information gained

Nursing implications

Transthoracic
echocardiography

Transoesophageal
echocardiography

Coronary angiogram

High-frequency sound waves sent
from a transducer echo off the heart
structure to produce the picture of
the heart

High-frequency sound waves are
sent from a transducer that is
attached to the distal end of a
gastroscope and inserted into the
oesophagus

Catheter inserted into coronary
arteries, contrast medium injected

Useful to determine the cause of
chest pain, valvular heart disease
or cardiomyopathies
(hypertrophic and dilated)
Estimates cardiac muscle mass,
ejection fraction, end-diastolic
and end-systolic volume
Ventricular wall motion,
aneurysm, heart valve anatomy,
blood flow, pressure gradients
and pericardial effusions may
also be detected

Detailed size, shape and
movement of the heart muscle
Dissection of the thoracic aorta
Heart valve dysfunction
Intracardiac thrombi
Cardiac/pericardial mass

Used to establish a diagnosis of
CHD in those with suspected
angina

LV function and coronary
arteries

Intracoronary pressures

No special preparation

B Patient will lie on an
examination table usually tipped
slightly onto their side

B Patient may need to understand
when to breathe in or out

B Approx. 5 minutes for the test

B Local anaesthetic to back of
throat

m Nothing orally for 4 hours prior
to the test

B |V cannula to administer mild
relaxant

B ECG monitor throughout

B Small probe inserted into
oesophagus
The test takes approx. 5 minutes

Nothing orally 4 hours prior

B Arterial puncture site — usually
femoral or radial

B Period of bed rest (approx. 4

hours) depending upon size of

cannula and incision site
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Right heart catheterisation

Pulmonary arterial
catheterisation

Nuclear imaging

Carotid Doppler studies

Catheter inserted into the right side
of the heart

Insertion of a balloon-tipped catheter
into the pulmonary artery

Radioactive substance given.
Myocardial perfusion is increased
through pharmacological
intervention (such as adenosine,
dobutamine or dipyridamole)
followed by thallium imaging

Doppler recordings used to assess
carotid flow

Intracardiac pressures of the right
side of the heart
Cardiac output

Left and right ventricular filling
pressures

Cardiac output

Mixed venous oxygen sampling
Calculation of systemic and
pulmonary vascular resistance

Presence and size of myocardial
infarction or areas of poor
perfusion. Normal uptake when
resting, abnormal on exercise,
indicates the blood flow is
inadequate for exercising
myocardium. Not normal at rest
or on exercise, indicates part of
the heart is permanently
damaged and will not be
resolved by revascularisation

Useful in preparation for surgery

Nothing orally 4 hours prior
Venous puncture site, usually
femoral

Haemodynamic status should be
monitored carefully, e.g. in ICU

Useful test for people who are
unable to exercise, e.g. people
with arthritis, CVA, PVD or with
heart conduction problems such
as LBBB

After exercise imaging, leave
room for 3—4 hours (during
which time caffeine should not
be taken as it is an antagonist of
adenosine) prior to repeat
imaging

Adenosine should be avoided in
asthmatics as it may induce
bronchospasm

Risk of CVA in the post-operative
period is increased with carotid
artery atherosclerosis
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Table 4.4 Examples of diagnostic tests prior to thoracic surgery

Diagnostic test Description Indications Nursing implications
Bronchoscopy Endoscopic view of the B Diagnostic (sometimes biopsy) ® Nothing orally for 6 hours prior.
tracheobronchial tree using B May be therapeutic for Usually performed under local with
either flexible fibreoptic scope, haemoptysis, foreign bodies, sedation. Topical anaesthetic agent
rigid scope or laser stenosis. Laser used to reduce sprayed to throat
bronchoscope tumour size. More therapeutic B Observe haemodynamic and
bronchoscopic procedures hold respiratory status during and following
promise for the future. B Complications may include
pneumothorax, bleeding, cardiac
arrhythmias and worsening
hypoxaemia
B Introduce fluids gradually around 2
hours following procedure
Computerised axial Non-invasive cross sectional B Diagnostic and staging of B Jewellery and belts should be removed
tomography (CAT scan)  anatomical view of soft tissues tumours. Able to detect hilar and B No discomfort usually during
and bone which is more mediastinal lymph nodes procedure although position may
accurate than X-ray in detecting B High-resolution CT useful in increase breathlessness
tumours bronchiectasis and interstitial B Prepare patient for noise of the scanner

lung disease
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Magnetic resonance
imaging (MRI)

Positron emission
tomography (PET) with
fluorodeoxyglucose
(FDG)

Mediastinoscopy

Mediastinotomy

Non-invasive, Patient placed in
strong magnetic field.
Microwave radio signal then
beamed through body which
interacts with hydrogen. These
atoms then emit this absorbed
energy to generate an image

A positron-emitting isotope is
tagged to a compound (usually
glucose) and then injected. A
PET scanner then measures not
simply anatomical structures but
metabolic/biochemical activity
of the cells

A rigid scope is used to allow
inspection of mediastinum via
small incision above
suprasternal notch

Direct exposure of lymph nodes
through incision in second
intercostal space on selected
side

May involve opening of pleura
to inspect hilum

An image can be constructed of
the various densities of body
tissues. Various views can be
obtained, e.g. longitudinal and
three-dimensional. Most useful
where soft tissues involved.
Provides good images of
mediastinum and chest wall

Diagnostic. Useful to detect and
stage malignant cells (these take
up more of the compound,
appearing brighter on images)
and to evaluate effects of therapy
Scanning of whole body usually
performed

Usually to determine mediastinal
involvement in lung cancer when
enlarged nodes seen on CT or
MRI scans. A biopsy is taken

Facilitates sampling of lymph
nodes in the anterior
mediastinum which are
somewhat inaccessible with
mediastinoscopy

Lymphatic spread to these nodes
from left upper lobe tumour

No X-rays involved. Although
magnetic field used this is harmless
Reassurance needed regarding noise
Patient may feel claustrophobic

All metal objects should be removed
before procedure

Contraindicated where patients have
implanted electronic devices

Loose-fitting clothes worn; water only
given

Radioactive drug administered
intravenously or inhaled. Radioactive
dose is very small and is quickly
eliminated

Fluids encouraged following
procedure to help with elimination

Observe for signs of possible
haemorrhage and pneumothorax
which may occur

Observe for signs of possible
haemorrhage. A chest drain is inserted
and connected to an underwater seal
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Diagnostic test

Description

Indications

Nursing implications

Transthoracic biopsy

Open lung biopsy

Thoracoscopy

Biopsy needle inserted in to the
lungs and position confirmed by
fluoroscopy or CT scan

Small specimen of lung tissue
obtained through a small
thoracotomy incision under
general anaesthesia

A rigid thoracoscope used which
is inserted into the pleural space

B Diagnostic for histology of
tumours in lung periphery

B Usually in patients not for surgery
but performed to determine
therapy. Possible false negatives

B For diagnostic purposes. One
lung anaesthesia used

B May be performed using a limited
thoracotomy approach or using
thoracoscopy (VATS approach)

B May involve only a small stab
incision with small volume of air
introduced, separating pleura
(local or general anaesthesia)

B Intercostal access allows one or
more resection biopsies to be
taken

B Video-assisted thoracoscopy may
be preferred because of better
visualisation (one lung
anaesthesia needed)

Pneumothorax and haemoptysis are
possible complications

Chest X-ray usually performed
following procedure to rule out
pneumothorax

Chest drain inserted
Principles of care as for any
thoracotomy patient

Chest drain inserted

Principles of care as for any
thoracotomy patient but shorter
hospital stay usually compared with
biopsy with limited thoracotomy
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lung resection for malignancy, careful explanation may be needed regarding the
many tests often requested for both diagnosis and staging of the tumour (see Table
4.4).

Cardiorespiratory assessment

Thorough assessment of the cardiorespiratory status of all patients should be
undertaken prior to major surgery. While there have been advances in surgical
techniques, patients are now often sicker and older. There may be more diffuse
disease and co-morbidity is increasingly common presenting a real challenge for
the surgical nurse.

A further important element of the pre-operative assessment is to determine
which medications are being taken. Patients awaiting cardiothoracic surgery may
have been taking aspirin and this should be stopped approximately one week
prior to surgery to avoid post-operative bleeding. Warfarin should be stopped
four days prior to surgery. When the risk of thrombotic disorders is very high,
intravenous heparin or low molecular weight heparin is often given. This can be
easily reversed for surgery yet prevents the risk of clot formation.

In patients with respiratory problems, glucocorticoid therapy may have been a
part of the treatment regimen. The medical staff will need to determine the degree
of adrenal suppression and ensure that the patient is capable of a normal adaptive
stress response in order to avoid circulatory collapse post-operatively. Any
provision of peri-operative glucocorticoids coverage must account for the
patient’s pre-operative glucocorticoid dose as well as the duration and severity of
surgery or other stress (Lefor 1999), but for major surgery a dose of hydrocortisone
from 100 to 150 mg per day for 2 to 3 days may be needed.

Cardiac assessment

Maximising the cardiac status can improve outcome from surgery and the elective
pre-operative use of the intra-aortic balloon pump (IABP) pre-operatively may be
effective for patients with poor left ventricular function or to control ischaemia in
the elderly (Christenson et al. 1997). Used pre-operatively on high-risk patients
with poor left ventricular function, myocardial ischaemia or a left main stem
stenosis greater than 70%, the IABP can reduce operative time, improve cardiac
output, reduce the time in intensive care and the overall hospital stay (Chris-
tenson et al. 1999). However, as IABP therapy is associated with its own compli-
cations it should be reserved for those patients who already have a high operative
risk.

Cardiovascular disease is a leading cause of death and the fact that patients
awaiting thoracic surgery may also have either diagnosed or undiagnosed
coronary heart disease substantially increases their risk of a peri-operative myo-
cardial infarction (MI) or cardiac death (Mangano & Goldman 1995). For those
with diagnosed CHD, diagnostic tests (see Table 4.3) will be performed to assess
cardiovascular function prior to any surgery and to stratify risk. However,
patients may have undiagnosed CHD and so another important aspect of the
physical assessment is to use good history taking to reveal symptoms indicative of



82 Chapter 4

angina, a previous MI, heart failure or cerebrovascular accident (CVA) when
further diagnostic testing may be useful.

Any identified myocardial ischaemia in the person awaiting thoracic surgery,
should be investigated further and it is usually sufficient to commence anti-
anginal medication. However, in some instances, percutaneous transluminal
angioplasty or coronary artery bypass grafting may be necessary before the
patient is able to tolerate thoracic surgery.

Heart disease may occur secondary to a chronic lung disease. The strain placed
upon the right side of the heart from pulmonary hypertension may lead to heart
failure and the risk to the person undergoing thoracic surgery is increased. When
heart failure is present in the person awaiting cardiac or thoracic surgery, this
should be stabilised first and again medical treatment is usually sufficient.

Respiratory assessment

Maximising respiratory status is also important. The presence of a chronic lung
disease in someone undergoing cardiac surgery is associated with post-operative
pulmonary complications, a prolonged period of respiratory support, a longer
intensive care unit stay and increased mortality (Cohen et al. 1995). Moreover,
many patients with non-small-cell lung cancer will also have COPD increasing
risk further.

In thoracic surgery many studies have been carried out to define levels of pre-
operative lung function, which are physiologically compatible with lung resec-
tion. Pulmonary function tests are usually evaluated carefully in the pre-operative
patient but there is controversy about their predictive value. There is increasing
evidence to show that spirometry may not be as useful at predicting operative risk
as once thought. Furthermore, where PaCO, is elevated in patients with pul-
monary disease this is not seen as a risk factor in patients for lung resection
(Kearney et al. 1994; Wisser et al. 1998). Gass and Olsen (1986) suggest that an
increased risk of pulmonary complications is associated with a forced expiratory
volume in one second (FEV;) or forced vital capacity (FVC) of less than 70% of the
predicted value, or a ratio of FEV; to FVC of less than 65%. Many surgeons agree
with Goldstraw (1987) in that the predicted post-operative FEV; should exceed
800 ml. Patients with a post-operative FEV; greater than 40% of predicted rate are
viewed as low risk for pneumonectomy. FEV, is usually related to total exhaled
FVC. The ratio of FEV; to FVC may be reduced in the presence of airway
obstruction but is normal in restrictive pulmonary disease. Although pulmonary
function tests may not be routine in all cases, patients with a history of smoking or
dyspnoea who are undergoing coronary bypass surgery and patients undergoing
lung resection will have these done. More sophisticated tests may also be
requested, including, for example, ventilation/perfusion scans and gas transfer
tests.

Staging in patients with lung cancer

There are four major histological types, and identification is crucial as this will
guide treatment. Small-cell tumours (20% of cases) develop mainly in the central
airways, invade rapidly and are mostly associated with smoking, especially in
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women. By the time this tumour is diagnosed there is usually widespread dis-
semination and combination chemotherapy is the treatment of choice with surg-
ery rarely an option.

Non-small-cell tumours include:

B Squamous: 40-70% of lung tumours, a slow-growing tumour developing
centrally in the major bronchi

B Adenocarcinoma: 5-15% of lung tumours, developing in the lung periphery

m Large cell: 7-10% of lung tumours, developing in the lung apex or periphery

In patients with lung cancer an international staging system is available which
assists medical staff in the decision-making process regarding therapeutic inter-
vention (Mountain 1997). This TNM staging system considers three areas
including tumour size (T), nodal involvement (N) and possible metastatic spread
(M). A coding system is used for stage grouping, and tumours in the early stages
would be coded as follows:

m Stage IA (T1 NO MO0): where the tumour is less than 3 cm involving the lung or
visceral pleura with no nodal involvement or metastatic spread.

m Stage IB (T2 NO M0): where tumour is greater than 3 cm which may involve
the main bronchus more than 2 cm distal to the carina and/or visceral pleura.
Although there may be associated pressure/obstructive problems there is no
nodal involvement or metastatic spread.

m Stage ITA (T1 N1 MO0): where the tumour is smaller than 3 cm with involve-
ment of hilar nodes on the same side but no distant metastatic spread.

m Stage IIB (T2 N1 MO0): where the tumour is greater than 3 cm possibly
involving the main bronchus (>2 cm distal to the carina), visceral pleura and/
or with associated pressure/obstructive problems but no distant metastatic
spread. This stage would also include a tumour of any size directly invading
the chest wall, diaphragm, mediastinal pleura, parietal pericardium and main
bronchus (<2cm distal to but not involving the carina) but with no nodal
involvement or metastatic spread (T3 NO MO).

If histology identifies a non-small-cell carcinoma as above then surgical resec-
tion is a real possibility. Tumours at stages Il and IV, where there is much more
nodal involvement with or without distant metastatic spread, are usually too
advanced for surgery and the prognosis is poor.

The above staging system is appropriate only for non-small-cell tumours.
Small-cell (oat cell) tumours are classified as either limited, if confined to one
hemithorax with or without contralateral hilar or ipsilateral supraclavicular
lymph node involvement, or extensive, where the disease has spread further.

Patients presenting for surgery with lung cancer may be very healthy and
vigorous, or may have significant medical complexities including severe meta-
bolic disturbances and advanced organ impairment due to their malignancy or its
treatment (Schmiesing & Fischer 2001). Weakness may be profound in some
patients and some problems may have been precipitated by chemotherapy and
radiation regimens pre-operatively. Radiation, for example, may cause pulmon-
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ary fibrosis, pneumonitis and pleural effusions and it may be necessary to perform
arterial blood gas analysis, spirometry, ventilation perfusion scans and diffusing
capacity. Failure to detect pulmonary problems as a result of cancer treatment
may result in serious pulmonary compromise post-operatively.

Some patients are accepted for surgery with no formal measurement of pul-
monary function and this may be acceptable for patients with a local lesion and no
history of past or present pulmonary disease. However, even when spirometry
results are less than ideal, the risk from surgery may be acceptable in some cases.
Although existing pulmonary disease increases risk, in one retrospective study
107 patients tolerated non-cardiac surgery relatively well despite severe COPD on
spirometry (Kroenke et al. 1992). The challenge for the future is illustrated by the
sobering fact that of 100 patients with lung cancer, only 8 will be alive five years
after presentation and only 4 after ten years (Ghosh & Latimer 1999).

As spirometry may not be performed on all patients the nurse’s observations
during assessment are important in identifying clinical variables, e.g. dyspnoea,
which may contribute towards predicting post-operative cardiopulmonary com-
plications. This may also avoid the need for spirometry.

Pulmonary risk and smoking

A recent history of smoking may result in problems with mucociliary functioning
post-operatively with possible retention of secretions in both cardiac and thoracic
patients. It appears that if smoking cessation before surgery is to be beneficial then
this must be at least eight weeks before surgery. In a study of 200 smokers for
coronary bypass surgery there was a lower risk of pulmonary complications in
those who had stopped at least eight weeks prior to surgery than among current
smokers (Warner et al. 1996), with patients who quit less than eight weeks before
surgery having a higher risk than current smokers.

Many patients may be long-term smokers and pack-years should be calculated.
Although there may have been periods when there was abstinence, each period of
smoking needs to be calculated and then added for total pack-years. The number
of pack-years gives some indication regarding risk for development of chronic
obstructive pulmonary disease. It is calculated as follows:

Number smoked each day
20

x Years of smoking = Pack-years

(> 15 = significant risk)

Pulmonary risk and obesity

There is no obvious pulmonary risk associated with obesity although risk for
thrombo-embolism following surgery is increased. Obese patients often have
difficulty with ventilation in the immediate post-operative period but the incidence
of pneumonia and atelectasis is similar to that for non-obese patients following
thoracic surgery. Even the presence of obstructive sleep apnoea (OSA) does not
necessarily preclude surgery so long as nasal continuous positive airway pressure
is utilised before and following surgery (Rennotte et al. 1995). It is worth noting that
OSA may not have been diagnosed and it is suggested that unexpected post-
operative deaths occurring at night may be due to OSA (Rosenberg & Kehlet 1991).
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Patients with a history of chronic lung disease must be assessed and their pul-
monary function improved as much as possible. Although patients may not have
been previously diagnosed with asthma/COPD, some may show some airway
reversibility following administration of a p, agonist. The nurse must therefore
obtain details regarding history of cough, sputum production and possible
dyspnoea on exertion. Where symptoms are present a combination of broncho-
dilators, physiotherapy, antibiotics, smoking cessation and corticosteroids have
been shown to reduce the risk of post-operative complications. Although patients
may have a history of bronchial asthma this does not necessarily increase the risk of
pulmonary complications (Warner ef al. 1996) so long as the peak expiratory flow
rate is greater than 80% of the predicted or patient’s personal best. If the peak flow is
less than optimum a short rescue course of corticosteroids may be prescribed.
Spirometry and peak expiratory flow rates can be easily obtained by the nurse.

Lung function in obstructive pulmonary disease

Spirometry A spirometer is used to help diagnose and monitor asthma and
COPD and to monitor progress. Simple electronic devices are available which are
easy to use. Following a maximum inspiratory effort the patient makes a sustained
maximum expiratory effort through the mouthpiece of the spirometer which is
maintained until no more air can be removed. Spirometry is able to measure the
following:

m Forced vital capacity (FVC): the maximum volume of air inhaled and exhaled
from the lungs made up of inspiratory reserve volume, tidal volume and
expiratory reserve volume

m Forced expiratory volume in 1 second (FEV;): the proportion of the FVC
removed in the first second

From the above two measurements the FEV,-to-FVC ratio can be calculated.
This is a more useful measurement than the FEV; or FVC alone. The ratio is a
much better measure of airflow limitation and is related to height, age and sex of
the patient. Where airflow is good the ratio should be at least 70%. As an example,
let FEV4 = 3.0 litres and FVC = 3.8 litres. Then:

FEV,
FVC

=7%

In obstructive disorders,

m High intrathoracic pressures generated by forced expiration cause premature
closure of the airways with trapping of air in the chest

m FEV; is reduced much more than FVC

m FEV;/FVC ratio is reduced

Peak expiratory flow rate (PEFR) Peak expiratory flow rate is the greatest flow that
can be sustained for 10 milliseconds on forced expiration starting from maximum
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inspiration. It is a simple, quantitative and reproducible measure to perform, most
often used in asthma for monitoring progress. A Wright Peak Flow Meter or Mini-
Wright Meter is used for this test and the measurement is in litres per minute.
Normal PEFR is around 400-650 1/min in healthy adults although this should be
compared to the predicted value or patient’s best. Prior to surgery, PEFR should
be greater then 80% of the predicted or patient’s personal best. The best of three
measurements is recorded, calculated as follows:

Current PEFR

1
Best x 100
For example:

550

650~ 100 = 85%

PEFR rate is reduced in:

m Asthma and COPD
m Upper airway tumours

A reduced FVC without airflow obstruction may be evidence of disease of the
thoracic cage or lung parenchyma (i.e. restrictive lung diseases where there is
reduced compliance but little or no obstruction).

Any abnormalities detected with either spirometry or peak expiratory flow rate
values should be reported to the medical staff for investigation including possible
reversibility testing.

Nutritional assessment

The patient awaiting cardiothoracic surgery may be cachectic and malnourished
because of longstanding heart failure, cancer or chronic respiratory failure and
consequently has a substantially increased risk of complications following surg-
ery (Paccagnella et al. 1994). Additionally, difficulty in swallowing, reduced
appetite, vomiting or diarrhoea are symptoms frequently associated with chronic
lung or heart disease and side-effects of treatment for malignancy. Poor nutrition
will lead to respiratory muscle atrophy and poor reserves for the increased work
of breathing, difficulty weaning from intermittent positive pressure ventilation,
delayed wound healing, infection and poor functional ability, and is therefore
likely to compound the post-operative period. Patients with chronic lung disease
or severe heart failure may have right-sided heart failure leading to abnormal liver
function, as well as poor nutritional status, whereas patients on longstanding
diuretic therapy may have low potassium levels. The pre-operative assessment
should note any abnormalities such as abnormal electrolytes, low albumin levels
or raised prothrombin times and correct these prior to surgery.
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The nursing assessment invariably includes questions regarding nutrition
and alcohol consumption and detailed information needs to be obtained in this
area (Table 4.5). Prior to cardiothoracic surgery the nurse needs to obtain speci-
fic data about dietary intake, including quantity and quality of daily meals.
This is an ideal health promotion opportunity where the nurse can identify
knowledge deficits which can be addressed later. Weight loss and
hypoalbuminaemia are predictors of poor surgical outcome. Poor dietary intake
may increase risk considerably because of resulting poor immune function, and
benefit may be gained from a pre-operative inpatient stay in order to optimise
nutritional status which may include both enteral and parenteral nutrition
(Paccagnella et al. 1994). As far as surgery and wound complications are con-
cerned, it is recent dietary intake that is most important (Haydock & Hill 1987).
It is possible that pre-operative nutritional support may be required for at least
seven days in the undernourished patient.

Table 4.5 Factors to consider in nutritional assessment

B Body weight <20 km/m? or >30 kg/m?

Involuntary loss or gain of weight of more than:

10% of usual body weight within past six months, or
5% of usual body weight within one month

A weight of 20% over or under ideal body weight
Chronic lung disease

Chronic heart failure

Alteration to usual dietary intake, possibly due to increasing breathlessness, anxiety
Alteration in medication

Usual fruit and vegetable intake

Nutritional supplements

Blood sampling for albumin, clotting times

Ideal body weight, serum albumin and arm muscle circumference have all
been used to evaluate nutritional status although it has been suggested that the
latter two may be unreliable markers. A body mass index (BMI) <18 kg/m?
may indicate malnourishment and the need for further nutritional assessment.
Weight loss is a correlate of protein energy malnutrition (PEM) and a loss >10%
indicates significant PEM (Hill 1992). Weight lost compared with the patient’s
usual body weight may therefore better identify those who may be compro-
mised, with a 10% loss from usual body weight requiring further investigation
(McClave & Snider 1999). Caution needs to be exercised in the presence of
oedema as weight values will be unreliable and may hide an underlying nutrit-
ional deficit.

Conversely, obesity (BMI >30kg/m?) also influences the post-operative
recovery period, increasing the risk of mediastinitis (Zacharias & Habib 1996;
Jakob et al. 2000), leg wound infection (Thomas et al. 1995; Englemann et al. 1999)
and pulmonary problems. A weight-reducing diet may be required under the
supervision of a dietitian to ensure that all nutritional needs are met.
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Special pre-operative issues

Age

A significant number of patients presenting for cardiac and thoracic surgery will
be elderly, and maximising surgical outcome may require specific attention.
Changes to the heart occur with age. Not only is there an increased incidence of
hypertension and coronary heart disease but there are also changes to the myo-
cardium itself. Increased stiffness of the great arteries increases afterload and
changes in excitation-contraction coupling lead to prolonged contraction and
myocardial stiffness. Diastolic dysfunction results, cardiac output falls and
myocardial oxygen consumption increases (McConachie 2002). The myocardium
is more sensitive to ischaemia in the older person and the use of strategies to
improve myocardial preservation and possibly the pre-operative use of the intra-
aortic balloon pump (IABP) should be considered.

Arrhythmias are not uncommon with advancing age, with atrial fibrillation
affecting approximately 4% of people over 60. This figure is higher still when
combined with lung or heart disease, heart failure or diabetes. Age is also asso-
ciated with the development of collagenous tissue in the heart’s conduction
pathways resulting in sinus and atrioventricular node disorders with sinus
bradycardia, sick sinus syndrome and heart blocks arising.

Alterations to the respiratory system also occur with age. The lungs become less
compliant, thereby increasing the work of breathing. Respiratory muscle strength
diminishes, although this appears strongly correlated to nutritional status and the
cardiac index. Despite these changes, the respiratory system is capable of main-
taining an adequate gaseous exchange. In the presence of an acute illness, how-
ever, the respiratory system reserve declines and there appears to be a decrease in
the sensitivity of the respiratory centre to hypoxia and hypercapnia (Janssens et al.
1999). The elderly are able to increase their respiratory rate but are not able to alter
their tidal volume in response. Another important factor when caring for the
elderly person undergoing cardiothoracic surgery includes their blunted lar-
yngeal reflexes and therefore the increased likelihood of aspiration during
anaesthesia (McConachie 2002).

Age-related changes to other major body systems that can impact upon the pre-
operative course also occur. For example, there is a fall in the glomerular filtration
rate of the kidneys, the renal tubular function declines and there is a slight
reduction in hepatic function. These issues result in what is frequently observed as
a slower post-operative recovery and therefore should be anticipated from the
pre-operative assessment. Adequate preparation can then be given to explain
these issues.

Anaemia

Addressing nutritional needs that may influence clotting will enhance post-
operative recovery and possibly also reduce the need for blood transfusions. The
need for transfusion following surgery depends largely upon two main variables.
One is blood volume lost during the surgical procedure itself whereas the other
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relates to individual ability to withstand blood loss and this can be influenced by
pre-operative preparation. A patient with a low packed cell volume at the time of
surgery is more likely to bleed. Pre-operative anaemia can be easily detected and
is more common in the elderly, those with poor nutritional status, in malignant
disease, where approximately 50% of patients may be anaemic (Mercurialli &
Inghilleri 1998), and in other chronic illness such as lung disease. Correction of
anaemia and promotion of erythropoiesis may be achieved in the pre-operative
wait for surgery. Encouraging a healthy diet, prescribing oral iron supplements or
even the intravenous administration of iron may be effective.

Erythropoietin, a growth factor for red blood cells, is normally specifically
secreted in response to tissue hypoxia. Intravenous recombinant human
erythropoietin (tHuEPO) a pharmacological agent, stimulates erythropoiesis and
has been shown to be a useful adjunct to iron therapy to treat pre-operative
anemia. It has also been successfully used to enable autologous blood transfusion
(Helm et al. 1993; Mercurialli & Inghilleri 1998), of particular value in reducing the
financial cost of using donor blood while preserving scarce resources. The period
of time required for successful treatment may be as little as two weeks. However,
this form of treatment in itself is costly, and better use of it may be through pre-
operative risk stratification to determine those most likely to require post-
operative blood transfusion.

Issues regarding risk and outcome

The risk that patients are exposed to when undergoing cardiac and thoracic
surgery is difficult to predict accurately. Measurement of risk is an inexact science
and although risk assessment tools are available these can only offer a guide
regarding patient suitability for surgery. The risk of an untoward event occurring
before, during or following surgery will depend on a host of different factors.
Many of these are unrelated to the patient. There is an expectation, for instance,
that all medical and nursing personnel will have the appropriate expertise to care
for patients effectively, and that all support staff will be diligent in their duties in
ensuring that the hospital environment is safe. Health care in the twenty-first
century is not risk-free, however, and more individuals are aware of the fallibility
of the health care system (Dalziel 2001). Most organisations are working towards
ensuring that an effective clinical risk management policy is in place so that risk is
reduced as far as possible.

Most procedures in cardiothoracic surgery are major and invasive in nature and
traumatise the body significantly, not least in terms of haemodynamic and pul-
monary instability. Moreover, patients bring risk with them and it is important to
be able to assess the degree of risk in this area so that decisions can be made about
the most appropriate course of action. The final decision may be not to operate, or
where surgery is still considered worthwhile, taking all appropriate steps to
minimise risk further.

A number of risk assessment tools have been developed, and these are useful
not only in giving patients and families insight into risk of complications and
mortality, so important for gaining informed consent, but also for increasing the
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awareness of the health care team to high-risk patients for whom more aggressive
therapy in the pre-, intra- or post-operative period may be beneficial (Bojar 1999).
In health care systems under pressure, risk stratification will become increasingly
important in the efficient use of health care resources. The risk to the patient of
undergoing major surgery is well documented (Devereaux et al. 1999), although
the means of determining risk to a specific patient is less well delineated and
various tools have been developed to assist in identification of this risk. As most
deaths are from cardiac disorders (Jones & deCossart 1999), some tools specifi-
cally predict the risk of a cardiac complication.

It is important, however, to recall how the pattern of surgery is changing.
With advances in minimally invasive techniques the patient undergoing more
conventional surgery is tending to be older with more complex disease. Age,
while an important consideration, is no longer a contra-indication for surgery.
Most risk stratification tools available are based on information in three import-
ant areas:

m Identification of factors independent of the disease, e.g. age, sex
m Presence of coexisting disease, i.e. co-morbidities
m Nature and extent of cardiac disease and urgency of surgery

Assessment tools

The following sections give an overview of some of the popular risk assessment
tools. One problem in identifying the degree of risk with any certainty is that often
there are multiple factors present and these may interact in complex ways to
finally impact on outcome.

Goldman Multifactorial Cardiac Risk Index

The Goldman Multifactorial Cardiac Risk Index (Goldman et al. 1977; Goldman
1995) was designed to quantify the cardiovascular risk following non-cardiac
surgery. A number of risk factors are identified and weighted to enable scoring
(see Table 4.6). Although a high score is associated with high risk, because of the
index’s low sensitivity not all high-risk patients may be identified. Nevertheless, it
is often used in thoracic surgery as morbidity and mortality from cardiovascular
diseases are major complications of thoracic surgery.

Although there have been further attempts to assess cardiopulmonary risk
following thoracic surgery (Epstein ef al. 1993) through modification of the
Goldman criteria index, these have not produced a reliable predictive tool that
can be applied to diverse populations in different institutions (Melendez et al.
1998).

Parsonnet score

The Parsonnet score (Parsonnet et al. 1989) is applied to individuals with coronary
heart disease and has been widely used in risk stratification for coronary artery
bypass grafting (CABG) (Riley 1995; Lawrence et al. 2000). Objective and easily
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Table 4.6(a) Goldman risk scoring

Risk factor Points
Raised JVP 11
Previous Ml <6 months 10
Ventricular ectopics (>5/min) 7

Rhythm other than sinus or sinus + atrial premature beats on last pre-op. ECG
Age >70 years

Emergency operation

Severe aortic stenosis

Poor general condition, e.g. poor PaO,, PaCO,, creatinine
Intraperitoneal/intrathoracic operation or aortic surgery

w W w w U1

Source: Goldman et al. 1977

Table 4.6(b) Performance of risk index in practice

Points Life threatening complications (%) Cardiac deaths (%)
0-5 0.7 0.2
6-12 5 2

13-25 11 2

26+ 20 56

Source: Goldman et al. 1977; Goldman 1995

obtainable data is used to stratify patients according to risk. This data includes, for
example, age, sex, presence of co-morbidities such as diabetes or hypertension,
chronic renal failure requiring dialysis, and left ventricular function (Table 4.7).
This data is then weighted to produce a score.

Although, it has been suggested that the Parsonnet score may not be sufficiently
reliable on its own for the assessment of risk (Pons et al. 1998), it has been useful in
planning care, where patients with a high Parsonnet score (>20) were more likely
to have an increased stay in the intensive care unit (Doering et al. 2001). Con-
sidering this, it would appear that the pre-operative status of the patient is more
important for post-operative recovery than events such as the development of
post-operative arrhythmias or haemodynamic instability. The Parsonnet scoring
system could then be useful to tailor individual pre-operative information relating
to length of time in hospital or the intensive care unit.

APACHE

Scores of severity of illness based on physiological response have also been
developed and include an assessment of the severity of acute physiological dis-
turbance (acute physiology and chronic health evaluation, APACHE) (Knaus et al.
1985). This index was developed from a database of 5815 intensive care
admissions in the USA. It is more appropriate for the post-operative period in the
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Table 4.7 Some components of the Parsonnet scoring model

Factor Assigned weight
Male 1
Obesity >1.5 ideal body weight 3
Hypertension >140 mmHg systolic 3
Diabetes 3
Ejection fraction: good 0
fair 2
poor 4
Age: 70-74 7
75-79 12
>80 years 20
Redo operation 10

Valve surgery:

Mitral 5
PAP >60 mmHg 8
Aortic 5
Pressure gradient >120 mmHg 7
CABG at time of valve surgery 2

intensive care unit (ICU) and can quantify the severity of illness and predict
overall mortality for a group of patients. It cannot predict accurately the outcome
in individual patients but allows useful comparisons between centres. It requires
extensive collection of data, which limits its user friendliness.

APACHE II is a simplified measure of the original tool using 12 physiological
measures combined with a measure of chronic health status but scoring requires
extremely accurate information and this is often difficult to achieve.

TISS

A measure of therapeutic effect expended on a patient (therapeutic intervention
scoring system, TISS) (Keene & Cullen 1983) grades the severity of illness through
the use of therapeutic interventions to provide an evaluation of severity of illness
in the ICU. For example, the score will be higher for someone requiring inter-
mittent positive pressure ventilation (IPPV) and inotropic support over someone
on continuous positive airway pressure (CPAP). This tool refers more to the post-
operative period and is useful to predict days needed in ICU rather than patient
outcome. APACHE, TISS and other similar tools are not designed to predict
patient outcome but are used as scoring systems for administrative purposes
regarding ICU beds.

Attempts have also been made to develop tools to predict risk relating to specific
complications arising post-operatively in areas such as wound infection, pul-
monary difficulties and nutritional deficit. These will be addressed in the relevant
sections elsewhere.
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Baseline assessment tools

Evaluation of functional status may also provide useful information as severe
limitation of activity, such as being immobile in the pre-operative phase predicts
post-operative risk of a cardiac event (Browner et al. 1992). Many patients will
have experienced a range of symptoms including dyspnoea, pain and fatigue,
with varying degrees of disability. Evaluation of functional status may not only
contribute to risk assessment but also enable comparisons to be made when
monitoring progress on follow-up visits. The New York Heart Association
(NYHA) functional classification scale (Criteria Committee of the New York Heart
Association 1979) is a relatively simple tool which assesses cardiovascular dis-
ability of patients (see Table 4.8(a)). The modified Borg scale (Burdon et al. 1982)
provides information about the patient’s perceived dyspnoea and may provide a
useful baseline from which the nurse can make an objective assessment of future
progress in patients with pulmonary problems (see Table 4.8(b)). The Medical
Research Council (MRC) dyspnoea scale (Fletcher 1960) is used to monitor

Table 4.8(a) New York Heart Association functional classification scale

Class Functionality

I Patients with heart disease who have no symptoms of any sort. No limitation of
physical activity. Ordinary physical activity does not cause undue fatigue,
palpitation or dyspnoea

Il Slight limitation of physical activity. Comfortable at rest, but ordinary physical
activity results in fatigue, palpitation or dyspnoea

m Marked limitation of physical activity. Comfortable at rest, but less than ordinary
activity causes fatigue, palpitation or dyspnoea

v Symptoms at rest. Unable to carry out any physical activity without discomfort

Table 4.8(b) Modified Borg scale (of perceived breathlessness)

Scale Severity

None at all

Very, very slight (just noticeable)
Very slight

Slight

Moderate

Somewhat severe

Severe

w1

Very severe

Very, very severe (almost maximum)
Maximum

COENOUAWN =00

—_
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Table 4.8(c) Medical Research Council dyspnoea scale

Grade Degree of breathlessness related to activities

0 Not troubled by breathlessness except on strenuous exercise

1 Short of breath when hurrying or walking up a slight hill

2 Walks slower than contemporaries on the level because of breathlessness, or has to

stop for breath when walking at own pace

3 Stops for breath after walking about 100 m or after a few minutes on the level
4 Too breathless to leave the house, or breathless when dressing or undressing
5 Breathless at rest

patients with COPD (Bestall et al. 1999), and while linked to functional ability may
not be sensitive enough to detect small changes in other pulmonary disorders (see
Table 4.8(c)).

Psychosocial assessment

The cognitive decline which occurs in some patients, particularly the elderly, after
cardiac surgery, is well documented (Hammon et al. 1997; Selnes et al. 1999), and
despite improvements in surgical techniques the incidence has changed little over
the past 15 years (Newman et al. 2001). Given that cognitions are a powerful
determinant of behaviour and emotion, psychological factors may contribute to
morbidity and mortality post-operatively. Indeed, psychosocial factors are known
to be significant predictors of morbidity and mortality in cardiac patients (Moser
& Dracup 1995; Lim et al. 1998), with social support as a coping resource enhan-
cing physical and psychological well-being following cardiac surgery (Jenkins et
al. 1994; Thoits 1995). There is a range of tools available - some disease-specific,
others generic - which measure many of the variables associated with chronic
illness. Although used extensively in research studies, many of these are too long
and time consuming in their completion to be of use in clinical practice.

Given that a significant proportion of medical patients have been found to have
psychological difficulties, including anxiety and depression (Royal College of
Physicians and Royal College of Psychiatrists 1995), it is highly likely that so too
will some patients presenting for surgery. Although many patients will view the
prospect of cardiac surgery with some optimism it should not be assumed that
psychosocial and emotional resources are strong enough to support coping
through the recovery process. While there is an increasing volume of literature
regarding the recovery of patients following cardiac surgery there is a dearth of
literature regarding the experience of different groups following thoracic surgery.
Anxiety and depression may be particularly troublesome in patients with chronic
pulmonary disease and in patients undergoing surgery for malignancy.

Most risk-stratification tools outlined earlier do not include a psychosocial
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dimension, which, given the accumulating evidence regarding the role of
psychosocial factors in recovery from surgery, makes it imperative that further
research is conducted and tools developed to identify those at risk. Patients who
show high scores for poor psychosocial adjustment and coping may benefit
greatly from additional support perhaps including some form of psycho-
therapeutic intervention pre- and post-operatively. Various intervention
strategies have been successfully utilised, but again, while there is increasing
evidence to support their use following cardiac surgery these need to be evaluated
in patients following thoracic surgery.

Recognition of the importance of psychosocial variables is reflected in the
volume of literature in this area. Cohen & Rodriguez (1995) offer a useful theor-
etical framework explaining how biological, cognitive, behavioural and social
pathways may contribute to psychological difficulty in those with a physical
disorder. This model is bi-directional in that any psychological disturbance
resulting via these pathways may, through these same pathways, result in further
pathology. There have been numerous attempts by nursing academics to devise
appropriate theoretical frameworks to explain coping and many of these draw
heavily on the transactional model of stress by Lazarus & Folkman (1984). These
have been useful in guiding research and in assisting nurses to carry out
psychosocial assessments and identify areas where psychosocial intervention may
be required.

An appropriate framework can be useful in the cardiothoracic surgical setting
enabling the nurse to predict those patients who require more intensive inter-
vention both before and following surgery. Figure 4.1 offers a practical framework
for such a psychosocial assessment incorporating the ideas of Cohen & Rodriguez
and Lazarus & Folkman. Four key areas to be explored are identified. It is under
the behavioural responses heading that coping is addressed, recognising that the
patient’s responses may reflect either problem-focused or emotional-focused
coping. Inappropriate coping may be the result of difficulties in other areas, and
strengthening psychosocial resources and teaching more effective ways of coping
may contribute to improved outcome.

Using the HADS scale to identify those patients who require a more compre-
hensive assessment may also help. This is a 14-item scale that provides a simple,
brief ‘state” measure of both anxiety (seven items) and depression (seven items)
(Zigmund & Snaith 1983), and in 100 medical outpatients, scores from 8 to 10 on
each scale have been taken to indicate possible clinical disorder, and from 11 to 21
to indicate probable clinical disorder.

Evaluation of surgical success should be concerned not only with the short
period following surgery but also with long-term follow-up, during which time
the help of a skilled health worker may be needed. A framework can also be used
to identify the level of information required by different types of individuals, to
predict those individuals who may experience more pain after surgery, to develop
more effective coping strategies for pain management (Shaw 1999), and in
adjustment generally post-operatively. Before such claims can be made, however,
more work is needed on the development and validation of an effective psycho-
social assessment tool that could be used by nurses in the surgical setting.

The nurse has an important role to play in carrying out an effective pre-
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operative assessment in patients undergoing cardiothoracic surgery. No patient is
entirely free of risk as far as post-operative complications are concerned. Many
cardiac and thoracic procedures are viewed by health staff as routine and often the
post-operative course is uneventful. Patient discharge is earlier than ever before
and the nurse is presented with the real challenge of preparing the patient both
psychologically and physically in a much shorter period of time pre-operatively.
But there is much that can go wrong and the experienced nurse must be aware of
each possible eventuality together with the measures to be taken should these
occur.

A comprehensive assessment will enable the nurse to identify factors which
may contribute to the development of problems during the period of hospitali-
sation particularly following surgery and beyond discharge. An awareness of
factors predicting post-operative risk will enable the health care team to target
specific areas and to optimise the patient’s general health.
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Many factors may contribute to the development of post-operative complications,
not least the events which occur during the time the patient is in the operating room,
including those related to anaesthesia and the surgical techniques employed. An
understanding of these issues will help the nurse to appreciate just how vulnerable
the patient is post-operatively. Indeed, it could be argued that the intra-operative
period may have the most significant impact on post-operative outcome.

The anaesthetic

Anaesthetists and surgeons are developing new techniques all the time which
minimise the surgical stress response. Pre-medication protocols will probably
include benzodiazepines, butyrophenes, opiates and anticholinergics. An
important aim is to reduce anxiety thus decreasing sympathetic arousal. Drugs
which may be given initially include the benzodiazepines (e.g. midazolam, lor-
azepam and diazepam) and some may act as amnesic agents. An anticholinergic
such as atropine or scopolamine is frequently used to reduce secretions and will
facilitate instrumentation of the airways and prevent vomiting. Anticholinergics,
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however, reduce vagal activity to the heart, and caution needs to be exercised
when using atropine in patients with a history of coronary heart disease because
of the associated tachycardia and reduced coronary perfusion. Although scopo-
lamine can result in post-operative delirium in the elderly (Kolker 1997), it does
have more sedating and anti-emetic properties than atropine and causes less
tachycardia.

For induction, fentanyl, an opiate, is a common agent as it is lipid soluble, acts
rapidly and tends to have fewer cardiovascular effects. An alternative is propofol.
A muscle relaxant is necessary and these agents work at the neuromuscular
junction of skeletal muscle. Muscle contraction usually occurs due to stimulation
of nicotinic receptors by acetylcholine on the motor end plate. This mechanism
can be altered by giving a non-depolarising drug which competes with acetyl-
choline at the receptor site. Examples of non-depolarising agents used during long
surgical procedures are pancuronium and vecuronium which tends to cause less
tachycardia and hypertension. For more minor procedures, a shorter-acting
depolarising agent such as succinylcholine which causes fasciculation of muscle
units is used. When these agents are used, paralysis of muscles occurs and the
patient must be intubated and ventilated. Non-depolarising agents are reversed
by the administration of neostigmine, although this can precipitate atrio-
ventricular nodal disorders (Jarpe 1992).

Propofol is often used together with fentanyl, particularly in fast-track patients,
as it has been found to give a lower incidence of tachycardia and hypertension and
has a small metabolic suppressant effect which is beneficial in patients with
myocardial ischaemia. Once propofol is discontinued, extubation may take place
within a much shorter time period.

Once the patient has been successfully intubated then maintenance of anaes-
thesia is achieved by intravenous drugs such as propofol, fentanyl or midazolam
and inhaled isoflurane and oxygen with nitrous oxide or air. Isoflurane may be
preferred because of its tendency not to cause ventricular dysrhythmias and this
may benefit patients who have been receiving aminophylline and/ or B-adrenergic
agonists. During surgery, although the patient is unconscious the physiological
response to painful stimuli can still be activated. Intra-operative analgesia will
reduce sympathetic arousal in response to pain, minimise the risk of myocardial
ischaemia and dysrhythmias and also reduce the neuroendocrine surgical stress
response. Because the stress response in major surgery results in a catabolic
hypermetabolic state there is increased oxygen consumption which can be det-
rimental. Analgesia is necessary, therefore, throughout the surgical procedure
and an intravenous opiate such as fentanyl is administered.

During cardiothoracic surgery bronchoconstriction may occur because of
neurohormonal and local mediator release and this is often associated with pul-
monary disease. Fentanyl is therefore preferable to morphine as there is less risk of
histamine release with hypotension (Barr & Donner 1995). Additional opioids
which do not result in histamine release are sufentanil, alfentanil and remi-
fentanil. An epidural cannula is often inserted for thoracic surgery and this may
be used to administer either opioids alone or with a local anaesthetic such as
bupivacaine. There is work to suggest that the epidural may be more effective
when placed before surgery begins.
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The choice and combination of pharmacological agents is crucial. For example,
in cardiac surgery one important objective is to control haemodynamic changes
which occur during surgery, often necessitating the use of either vasopressors for
hypotension or B-blockade for tachycardia and hypertension. It has been shown,
therefore, that the interaction of pre-medication, induction agent and relaxant is
important.

During cardiac and thoracic surgery, oxygen delivery to the tissues must still be
ensured and the steps taken to achieve this goal will vary between the two types of
surgery. The next two sections outline the techniques used in cardiac and thoracic
surgery and the major factors which can compromise cardiopulmonary status.

Cardiac surgery

Revascularisation

Coronary artery bypass surgery is not normally the first treatment option for
coronary heart disease. Risk reduction through lifestyle modification, together
with drug therapy to relieve angina and reduce the risk of heart failure, is the first
line of treatment. However, when these fail to control symptoms, intervention
through percutaneous transluminal angioplasty (PCTA) and stent or coronary
artery bypass grafting (CABG) should be considered. Generally, the presence of
left main stem disease, or three-vessel disease with moderately impaired left
ventricular function, are clear indicators for cardiac surgery (Pillai & Wright 1999;
Abrahamov et al. 2000). Additionally, when there is diffuse vessel disease, more
frequently found in the diabetic population, coronary artery bypass surgery is
more likely. Surgery however, is not without risk and the overall operative
morbidity is around 2% with increased mortality in the older age group, women,
or those with co-morbidity (Abrahamov et al. 2000). When successful, surgery is
associated with good long-term survival to almost 20 years (Bradshaw et al. 2002).

The more common conduits used for CABG include the saphenous vein,
internal mammary artery and radial artery (see Fig. 5.1). Less commonly used are
the gastro-epiploic, the ulnar or the inferior epigastric arteries. Where possible, the
internal mammary artery (IMA) is used, largely due to its longer patency rate of
around 10 years (Taggart 2002). The IMA appears to be more resistant to atheroma
formation over native coronary arteries and vein grafts, owing to the greater
ability of the endothelium to influence vasculature tone, provide a non-
thrombogenic surface and respond to the inflammatory process (De Jaegere &
Suyker 2002). However, the use of the IMA may lead to various complications,
such as delayed sternal wound healing, especially in the diabetic population, and
increased respiratory complications due largely to the opening of the pleura and
the concomitant increase in pain. The use of the bilateral internal mammary artery
(BIMA), although of clear benefit, is reserved for carefully selected patients and
usually avoided in those with uncontrolled diabetes, chronic respiratory condi-
tions, the obese and heavy smokers. When BIMA grafting is anticipated, the
increase in risk should be recognised and measures taken to prevent post-
operative respiratory and wound complications.
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Fig. 5.1 Location of incisions and graft sites for coronary revascularisation. From Mathews
(2002), with permission.
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Minimally invasive coronary artery surgery (MICS)

Techniques to make coronary artery bypass surgery less invasive include minimal
access incision sites, eliminating the need for cardiopulmonary bypass (CPB) and
avoiding manipulation of the aorta.

When the aim is to avoid a median sternotomy, a small incision of around 10 cm is
made in the anterior thoracotomy wall. This smaller incision may reduce com-
plications in terms of wound and chest infection although the thorocotomy site may
be more painful than the traditional sternotomy (Lichtenberg et al. 2000; Ng et al.
2000). An additional advantage of the small incision site is that any ‘redo” operation
can be performed through a median sternotomy as virgin territory. However, a
median sternotomy without CPB is the more frequently used procedure, enhancing
visualisation and access to all heart vessels, while avoiding the need for CPB.

These less invasive techniques appear to reduce the morbidity and mortality
associated with cardiac surgery, may reduce the length of hospital stay and may
lead to the earlier resumption of work and social activities (Jansen et al. 1998).
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However, they also have their limitations and the risk is further influenced by the
surgeon’s experience, access, exposure and visualisation of the coronary vessels,
haemodynamic support and anastomosis.

Endoscopic coronary artery surgery, using a mini-sternotomy and port access
technique is developing, with the surgeon performing CABG or valve surgery
through a small incision with videoscopic assistance. This is likely to confer
major benefit to the patient with regard to their post-operative course and out-
come.

Transmyocardial laser revascularisation has received brief interest, with the
concept based on the reptilian circulation and the idea that the creation of
transmural channels between the myocardium and the ventricular cavity will
improve perfusion. The exact science behind this is unclear, although channels
may allow oxygenated blood from the cavity to seep into the heart muscle. Others
believe that new channels close over in time but stimulate angiogenesis (Hayden
1998). This form of surgery is still experimental and not widely used either in
Europe or in the USA.

Valvular heart disease

Surgery for valvular heart disease may include valve repair or replacement and
recent years have seen a profusion of valves available on the market (see Fig. 5.2).
The choice of valve may depend upon the age of the patient, their religion, or the
long-term need for anticoagulation. Although the surgeon makes the choice of
valve, it is useful for the nurse to have some knowledge of the factors that may
influence this choice (see Table 5.1)

For the women of childbearing age, valve disease should be treated before a
planned pregnancy, preferably by balloon valvuloplasty or valve repair. Preg-
nancy may possibly accelerate the degeneration of the valve (Bloomfield 2002),
and a mechanical valve will necessitate anticoagulation with the inevitable risk to
both the mother and baby. Warfarin crosses the placenta barrier where it may
cause spontaneous abortion, stillbirth or premature birth. However, heparin does
not cross the placenta barrier and may be a safer drug for the fetus, although
possibly increases the risk of thromboembolism. The difficulty in satisfactorily
managing pregnancy in a patient with a mechanical valve prosthesis requires that
they be treated in a specialist unit.

Currently, valve replacement requires a median sternotomy and CPB. How-
ever, as techniques develop a smaller incision or port access is likely to be more
common (De Amicis et al. 1997). More widespread use of minimally invasive valve
replacement is likely to offer particular benefit to the obese, the diabetic or those
with chronic lung disease.

Aortic dissection

Widely used as a classification system, the Stanford classification of aortic dis-
section identifies type A as a dissection of the aorta involving the ascending aorta
whereas type B extends to the descending thoracic aorta, distal to the left sub-
clavian artery and is therefore outside the remit of this text.



Table 5.1 Types of heart valve

Type of valve

Description Special issues

Mechanical valves

Ball valve

Disc valve

Bileaflet valve

Biological valve

Autologous valve; patients own
tissue used to create a valve
(fascia lata or pericardium)

Used in the younger patient or in those already receiving anticoagulation therapy

Starr—Edwards: silastic ball which moves into  Original design has been modified and is still in use today
the sewing ring when closed and into the cage  Lifelong anticoagulation required. Target INR 3.0-4.5
when open

Bjork—Shiley: graphite disc, coated with Bjork-Shiley valve is no longer manufactured
carbon. This disc tilts to open and close Lifelong anticoagulation required. Target INR 3.0-4.5
Disc valves still produced by other

manufacturers

The St Jude valve is the most popular in current  Lifelong anticoagulation required, although possibly with
use. This valve has two semicircular leaflets lower intensity warfarin therapy (maintaining an INR 2.5-3.0
that open and close for aortic replacement and 3.0-3.5 for mitral valve
replacement)
Long-term durability of the valve has been reported

Used in the elderly or to avoid long-term anticoagulation (expected to last approximately 10 years)

Infrequently used today
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Autograft; patients own valve
placed into another position
within the heart (e.g.
pulmonary valve used in the
aortic position)

Homograft: valve transplanted
from a human cadaver heart

Xenograft: valve transplanted

from another animal (e.g. pig)
or manufactured from bovine
tissue such as the pericardium

Designed by Donald Ross and termed the Ross
procedure. The pulmonary valve is used to
replace a diseased aortic valve. The pulmonary
valve is replaced by a pulmonary homograft.
This procedure is of particular use in children
as the translocated pulmonary trunk can grow
with the child’s development

The cadaver heart valve is sterilised and stored.
They can be used either as a fresh valve or from
frozen

These valves are sterilised and stored for use

Late problems associated with failure of the pulmonary
homograft. The procedure is a double valve replacement and
so requires a lengthy anaesthetic

Longer period of time on cardiopulmonary bypass. Useful in
aortic dissection affecting the aortic root

Religious or cultural reasons may make the use of an animal
valve inappropriate
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Fig. 5.2 Examples of heart valves. Reprinted from Julian (1989), with permission from Elsevier
Science.

Treatment of a type A dissection requires surgical repair of the aorta. The
aim of surgical treatment is to remove and replace the existing aortic segment
where the dissection originates, rather than remove the entire dissecting aortic
tissue. Where the dissection extends to the coronary arteries or aortic valve, sur-
gery is complicated by reimplantation of the coronary arteries and aortic valve
replacement.

The operation is generally performed as an emergency, through a median
sternotomy and using CPB with right atrial and femoral artery cannulation. More
recently there has been interest in the use of an endovascular stent. Similar to
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those used in the coronary arteries, the stent is inserted into the aorta and lies over
the area of aneurysm or dissection, thereby avoiding the need for major surgery.
Although there are promising reports of early success, long-term follow-up data is
not yet available (Khan & Nair 2002).

Occasionally, the dissection may extend to the aortic valve and in these cir-
cumstances aortic valve replacement will also be required. The use of a homograft,
enabling the entire aortic root to be replaced, is now the operation of choice. The
operative mortality for this procedure is estimated at 5-11%.

Cardiopulmonary bypass

Traditionally, cardiac surgery has been undertaken on a heart that is still and
bloodless. The body’s oxygen requirements are reduced and the organs and
tissues oxygenated through an extracorporeal circulation or cardiopulmonary
bypass. This means that the lungs can be deflated to maximise visualisation of the
operative site and allows temporary disruption to the circulatory system for the
period of surgery, without causing global ischaemia.

Following a median sternotomy, CPB is commenced. The right atrium is can-
nulated and blood diverted from the right side of the heart into the CPB machine.
A series of roller pumps circulates the blood past a membrane oxygenator and
returns it to the systemic circulation via an aortic cannula (Fig. 5.3). Once blood is
circulating through the CPB, the body temperature is rapidly reduced. A clamp is
then placed across the aorta between the heart and the aortic cannula to ensure
that blood from the bypass machine does not flow into the heart, but forwards into
the systemic circulation.

Aortic cross-clamp

Venous cannula

Arterial cannula

Open heart suction

Oxygenator

@/ > Heat

Venous pump exchanger

Fig. 5.3 Cardiopulmonary bypass.
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For effective CPB the following issues are important:

m Blood must be heparinised to prevent clotting in the extracorporeal cir-
culation. An activated clotting time of around 450 s (normal 90-120 s)
should be maintained. Heparinisation is reversed at the end of surgery
with protamine sulphate.

m Blood is haemodiluted with a crystalloid solution to aid movement
through the CPB and this contributes to the low haematocrit and low
blood pressure frequently seen in the immediate post-operative period.

m Blood must be oxygenated before it is returned to the systemic circulation.
This is achieved by the blood flowing past a membrane oxygenator, which
not only oxygenates the blood but also removes carbon dioxide.

During CPB, blood comes into contact with a foreign surface that activates the
complement system and the inflammatory response. Oxygen free radicals and
pro-inflammatory cytokines are activated and may contribute to the myocardial
stunning, respiratory distress syndrome, renal failure, neurological injury and
pancreatitis, sometimes observed in the post-operative period (De Jaegere &
Suyker 2002) (see Table 5.2). To prevent this, evolving practice includes avoiding
CPB and hypothermia, changes in operative techniques, and pharmacological
agents that may reduce heart damage from ischaemia.

In addition to the bloodless field necessary for traditional cardiac surgery, the
heart needs to remain still to allow the surgeon to operate. This can be achieved
through two principal methods: cross-clamp with fibrillation and cardioplegia.

Cross-clamp and fibrillation

Cross-clamp and fibrillation is appropriate for CABG when the surgeon only
requires the heart to be still during the distal anastomosis when the graft is sewn
to the heart tissue itself. For this procedure, the body is cooled so that the oxygen
requirement is reduced and the heart protected from ischaemic injury. Ventricular
fibrillation is induced by using a low-voltage current, reducing the myocardial
oxygen requirement still further. Once the distal anastomosis is complete, the
cross-clamp is removed and blood flows into the heart chambers. Another low-
voltage DC shock restores the heart to sinus rhythm. This process can be repeated
for each distal anastomosis and is used successfully when the period of cross-
clamp and fibrillation is no longer than 15 minutes each time and with a total
cross-clamp period of under 60 minutes. As the time required to perform the
distal anastomosis cannot reliably be predicted, many surgeons prefer to use a
cardioplegic solution to arrest the heart.

Cardioplegia

Another method to protect the heart during CPB is to infuse a cardioplegic
solution which is high in potassium (usually 15-30 mmol/l). Intracellular potas-



Table 5.2 Complications of cardiopulmonary bypass

Organ/system

Problem

Effect

Post-operative consequence

Cardiovascular

Pulmonary

Renal

Neurological

Systemic inflammatory response

Myocardial ischaemia

Hypothermia

Haemodilution

Decreased baroreceptor activity
Heparinisation

Platelet damage

Deflated lungs

Inflammatory response
Decreased renal blood flow

Risk of air embolism or disruption
of calcified plaque

Increased catecholamine
secretion

Increased cytokine release

Myocardial stunning

Increased blood viscosity

Decreased blood viscosity
Diuresis

Vasoconstriction

Prolonged bleeding time
Decreased platelet count
Reduced surfactant production
Increased capillary leakage
Kidney dysfunction

Neurological/cognitive
dysfunction

Vasoconstriction

Increased glycogenesis

Increased capillary permeability

Depressed myocardial function
Arrhythmia formation

Labile blood pressure

Low blood pressure
Hypokalaemia

Labile blood pressure

Risk of bleeding

Risk of bleeding

Atelectasis

Respiratory distress syndrome
Acute renal failure

Cerebrovascular accident
Behavioural changes
Post-pump psychosis

Hypertension

Elevated blood glucose levels

‘Pump lung syndrome’
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sium will no longer diffuse out of the cell, the resting membrane potential will rise
and the cell will remain in a continuous state of partial depolarisation, rendering it
motionless. Following aortic cross-clamping the cardioplegic solution is infused
under pressure into the aorta or coronary sinus, where it will flow down the
coronary arteries. The solution can be reinfused as required throughout the
operation.

Debate continues regarding the choice of cardioplegic solution, and the variety
of solutions indicates that there is no clear advantage of any one. The choice of
solution remains the province of the operating surgeon. However, for the nurse
caring for the patient in the post-operative period, differences in post-operative
care will be noted and so this subject warrants a brief discussion here.

m Cold crystalloid cardioplegia: potassium is added to a hyperosmolar solution,
usually Ringer’s lactate. The cold temperature (15-20°C) and high potassium
concentration will lead to ventricular standstill and a motionless operative
field, thereby reducing myocardial oxygen consumption. However, the cold
crystalloid cardioplegia also alters platelet function, impairs calcium influx
and leads to myocardial cell oedema. Crystalloid solutions also deplete
adenosine triphosphate stores.

m Blood cardioplegia: blood is mixed with the cardioplegic solution and by
providing oxygen, is able to supply the heart tissues with an energy source.
Through maintaining an oncotic pressure, less myocardial oedema develops,
and less reperfusion injury occurs. In high-risk patients, the use of blood may
enhance myocardial protection and decrease the development of life-
threatening arrhythmias (Ibrahim et al. 1999), leading to a more stable post-
operative period. However, this form of cardioplegia is more costly and takes
longer to prepare and is not established for routine practice.

Reperfusion

Although frequently associated with the post-MI phase of recovery, reperfusion
can occur whenever there has been a transient disruption to blood flow to the
intrathoracic organs. With cardiac surgery, this may occur during aortic cross-
clamping. A brief period of no perfusion followed by reperfusion will lead to
reperfusion injury; leucocyte infiltration, thrombosis, oedema and vaso-
constriction (Wang & Pinsky 2000). Furthermore, as oxygen levels rise, reactive
oxidative stress (ROS) can be provoked and injures the endothelium. Normal
vasoactive substances are altered, in particular nitric oxide secretion, and vaso-
constriction becomes predominant, compounding the situation. Reperfusion
injury is characterised by arrhythmias and haemodynamic changes. Pharmaco-
logical agents that alter the functioning of the cellular pumps and the influx of
sodium may well prove beneficial in preventing reperfusion injury.

Ischaemic preconditioning

This phenomenon appears to suggest that brief periods of ischaemia may reduce
the extent of myocardial ischaemic damage and so provide cardio-protection. This
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has been observed at the time of angioplasty, when greater changes are seen in the
ST segment on the first balloon inflation over subsequent inflations. Brief periods
of ischaemia appear to slow the rate of ATP depletion in subsequent ischaemic
episodes and it would appear that ischaemic preconditioning may also offer
benefit to the person undergoing cardiac surgery. Recent work has centred
around the use of pharmacological agents prior to and/or during angioplasty or
cardiac surgery or in patients with unstable angina (Keffelmann et al. 2000). By
altering the gated channel action of the myocardial cell, they may prevent
ischaemic changes and the rise in intracellular calcium. Intermittent reperfusion
may also be beneficial by flushing out catabolites that have accumulated during
the period of ischaemia and so prevent reperfusion injury and myocardial
stunning.

Beating heart surgery

As the coronary arteries run epicardially across the heart, they can be operated on
without opening the heart. Consequently, the heart does not have to be a bloodless
field and the necessity for CPB is reduced. To maintain a motionless operating
field, a device known as an octopus can be used to stabilise and immobilise a
portion of the heart tissue during the anastomosis on the target vessel (Fig. 5.4).
One such device uses two suction posts applying about —400 mmHg suction to
the heart, and can be repositioned around the heart as required. As these stabi-
lisers force the heart tissue downwards, they cause a temporary decrease in car-
diac output and stroke volume, which requires more intensive intra-operative
haemodynamic monitoring. Consequently, during beating heart surgery it is
standard practice to insert a pulmonary artery catheter to measure haemo-
dynamic parameters.

Ischaemia management is particularly important during beating heart surgery.
To reduce myocardial oxygen consumption, the heart rate should be slowed with
pharmacological agents and the myocardial oxygen supply maximised through

Fig. 5.4 Octopus. From Edgerton & Michelson (2000), with permission.
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the use of nitrates and afterload reduction. Transoesophageal echocardiography is
used continuously during the procedure to assess heart wall motion. Without the
use of CPB, the lungs must remain ventilated. However, to maximise visualisation
of the operative field, single lung ventilation with a double lumen endotracheal
tube is used. If at any point there is evidence that the ischaemia is not tolerated, the
surgeon may choose to convert to conventional surgery and CPB.

There are various advantages to the development of beating heart, or off-pump,
surgery and these are outlined in Table 5.3. One of the main advantages rests with
the reduction in the physiological consequences associated with CPB itself.
Through eliminating some of these consequences, the risk of undergoing cardiac
surgery to patients, particularly those at high risk, is reduced.

Table 5.3 Beating heart surgery

Advantages
B Avoids physiological consequences of CPB
B Avoids aortic cross-clamp

Indications

B Severely calcified aorta

Renal disease

Pulmonary disease

Previous CVA

Diffuse peripheral vascular disease

High operative risk from conventional surgery

Contra-indications

Deep intramyocardial vessels
Small distal vessels

Poor conduit
Haemodynamic instability
Acute myocardial infarction
Cardiogenic shock

Thoracic surgery

For thoracic surgery it is often necessary to collapse the uppermost lung (non-
ventilated), during the procedure while the dependent lung is ventilated. In the
UK it is usual to use a double lumen endobronchial tube to facilitate one-lung
surgery (see Fig. 5.5). It was the Swedish surgeon Carlen who, in 1948, developed
the double lumen tube which was a breakthrough in thoracic surgery. Robershaw,
a British surgeon, later developed a tube with a larger lumen offering less
resistance (Ghosh & Latimer 1999). These tubes are available in different sizes and
can be either right or left sided. Where the lung is being resected the tube is
usually placed in the lung which is not being operated on. Although initial
insertion is assisted by the use of a laryngoscope, the rest of the manoeuvre is
relatively blind and the skill of an experienced anaesthetist is crucial. Placement of
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Tracheal limb

Pilot balloon — tracheal cuff
\/
Iy
. y Tracheal ventilation
Bronchial )
limb A\ Pilot balloon — bronchial cuff lumen for left lung

Tracheal cuff Bronchial cuff
r——L\

Endobronchial
ventilation lumen
to middle and
lower lobes

Ventilation slot for
upper right lobe

Oropharyngeal curve Bronchial curve

Fig. 5.5 Basic pattern of a modern right-sided double-lumen endobronchial tube. From
Gothard (1993), with permission.

the tube is checked by fibre-optic bronchoscopy. The tube allows the anaesthetist
to control the distribution of ventilation, allows surgical access to structures on the
operated side and prevents contamination of the lower lung.

Position

Although thoracic surgery may be performed through a median sternotomy,
many surgeons will enter the thorax through a posterolateral incision. For this the
patient is placed in the lateral decubitus position as illustrated in Fig 5.6. Great
care is taken to avoid injury, but even so the patient will experience some
musculo-skeletal discomfort post-operatively due to the prolonged length of time
in this position. This discomfort can be quite extreme if there is a history of
musculo-skeletal problems. There are many thoracic surgical procedures which
are performed and Table 5.4 outlines some of these.

Fig. 5.6 The lateral thoracotomy position. From Gothard (1993), with permission.

The length of the skin incision extending from beneath the breast to approxi-
mately 3 cm beneath the scapula and the spine, and the incision of muscle layers
(trapezius, latissimus and serratus muscles) which are divided with large
retractors, contributes to the severe pain experienced following thoracotomy. The
thoracic cavity is approached through the fifth or sixth intercostal space. In some
patients where pulmonary status is compromised, performing a muscle-sparing
incision where the muscles are retracted but not divided may reduce pain, dis-
ability and hypoventilation post-operatively (Hazelrigg et al. 1991). For patients



Table 5.4 Examples of thoracic surgical procedures

(a) Specific procedures

Location Procedure Description Indications Intra-operative issues Special consideration
Wedge resection  Resection of lung
tissue with tumour
irrespective of Benign/malignant Procedure usually short Bleeding may be significant.
bronchopulmonar lesions which are often using onl .
b Y . . & only . Two chest drains used to
anatomy localised and discrete endotracheal intubation .
. remove blood and air from
. . (<3 cm dia.) May be VATS procedure :
Surgery on Segmentectomy  Resection of discrete g pleural space. Air leak
. . One lung ventilation may be .
the lung bronchopulmonary ~ Used in poor-risk . usual. Suction up to 20 cm/
. . . used with double lumen .
segment with blunt  patients with limited tbe H,O usually applied
dissection pulmonary reserve Avoid clamping of drains to
reduce risk of tension
pneumothorax
Lobectomy Removal of a lobe Malignant/benign Two chest drains to
tumours underwater seal system — left
Infection e.g. open often with suction. Air
bronchiectasis leak usual
tuberculosis and fungal ~ One lung ventilation with Drains not clamped
infection double lumen tube . .
One drain may be inserted
Pneumonectomy  Removal of one lung  Usually for primary but left clamped.

carcinoma or because of

infection, e.g.
tuberculosis

Unclamped for 1 min each
hour. No suction
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Pleurectomy

Parietal pleura

For spontaneous

Small thoracotomy incision

Chest drains inserted and

Surgery on stripped except from  pneumothoraces or (postero-lateral) or VATS suction applied. Very
the pleura, diaphragmatic secondary Lung blebs and air leaks painful. Administer effective
diaphragm surface pneumothoraces corrected analgesia with IV opioids or
and chest . . following: . epidural
Pleurodesis Pleural abrasion & Small thoracotomy incision P
wall . COPD
Technique used to Cystic fibrosis or VATS often performed.
initiate inflammatory Y ; Physical pleurodesis
. . Tuberculosis and lung . .
reaction promoting involves abrasion of pleural
. cancer . . .
pleural adhesion tissue with gauze. Chemical
pleurodesis uses iodised talc
Decortication Surgical removal of ~ Usually as a result of Small thoracotomy incision  Chest drains inserted. Air
thick fibrous layer of  empyema or — usually posterolateral. A leaks and bleeding common
tissue from pleural haemothorax and double lumen tube may be  The condition of the patient
surface removal allows necessary particularly if is usually poor often with
expansion and better there is a bronchopleural chronic sepsis
chest movement on fistula
affected side
Surgery on E.g. Resection with Removal of tumour Different techniques Short period of post-
oesophagus oesophagectomy  anastomosis usually in middle and possible involving thoraco-  operative ventilation usual.

lower third of
oesophagus

abdominal/supine
abdominal/laparotomy
approaches

Double lumen tube/one
lung anaesthesia

Various anastomoses and
bypasses may be performed,
e.g. oesophagogastrectomy

Care taken to prevent
aspiration of gastrointestinal
contents

Contd
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Table 5.4 Contd

(b) Other surgical procedures

Location Description

Indications

Intra-operative issues

Special considerations

Lung transplant  Single lung transplantation (most
common)

Bilateral sequential
transplantation, i.e. 2 single-lung
transplants at the same time
Heart-lung transplantation
(decreasing)

Transplantation of lobe(s) from
live donor (usually in cystic

fibrosis)

E.g. emphysema (o anti-
trypsin deficiency), interstitial
lung disease, cystic fibrosis,
primary pulmonary
hypertension. Patients should
have advanced lung disease
unresponsive to other therapy,
be relatively mobile but
functionally disabled and free
of significant cardiac, renal
and hepatic impairment

Single lung with single-lung
ventilation (usually without
CPB) via posterolateral
incision

Bilateral — using transverse
thoracosternotomy approach
Live donor transplantation
involves transplanting lower
lobes from two donors

Lifelong
immunosuppression
Complications include
primary graft failure
anastomotic breakdown/
stenosis, infection, acute/
chronic rejection,
bronchiolitis obliterans
(Arcasoy & Kotloff 1999)

Excision of 20-30% of the
volume from each lung via
median sternotomy

Lung volume
reduction

Severe emphysema where
removing lung volume
improves elastic recoil and
reduces work of breathing
High risk of death in patients
with very low FEV; or gas
transfer factor

One-lung surgery using
double lumen tube. Median
sternotomy usually performed
and following volume
reduction lung tissue stapled
for example with bovine
pericardial strips

Chest drains inserted with
or without suction (two
each side — reduced
suction at —10cm H,O).
Air leaks can be
problematical. Sternal
dehiscence possible

IV opioids avoided

Video-assisted
thoracoscopic
surgery (VATS)

Less invasive than open
thoractomy

Series of ports used for
instrumentation

Surgery such as pleurectomy,
biopsy, pleurodesis and lung
volume reduction

One-lung surgery with double
lumen tube. The upper lung
deflated prior to access ports
and introduction of telescopes
(Plummer et al. 1998)

Pain may be less in some
instances although not for
others, e.g. pleurectomy
Chest drain inserted

0ct
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Mediastinal
surgery

Thymectomy

Resection of mediastinal tumours

Results in clinical
improvement in patients with
myasthenia gravis

Primary neoplasms and cysts
Two-thirds are benign (Strollo
etal. 1997)

Various approaches — sternal/
cervical

Median sternotomy
Posterolateral thoracotomy

Chest drainage
postoperatively
Mediastinal drain

Interventional
bronchoscopy

Rigid/flexible bronchoscope
used. Often for obstruction of
trachea and main bronchi
particularly where in advanced
disease surgical resection is
impossible

Primarily palliative, e.g.
endoluminal airway
obstruction

Stenting for extrinsic airway
compression

Relief of symptoms caused by
pleural effusions

Such interventional work
often performed by
experienced respiratory
physicians. Laser ablation of
central tumours.
Neodymium:yttrium—
aluminium-garnet (Nd:YAG)
laser allows deep tissue
penetration

Endobronchial stent insertion
Cryotherapy and
electrocautery may be used
for distal lesions
Endobronchial brachytherapy
(radiation source implanted)

Worsening
haemodynamic and
pulmonary status may be
indicative of possible
complications including:
haemorrhage
pneumothorax (Seijo &
Sterman 2001)
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who require oesophageal surgery the approach is often through the left hemi-
thorax while lying on the right side.

The positioning during thoracic surgery can result in marked changes in
ventilation perfusion relationships producing hypoxaemia which extends into the
post-operative period. It is important to remember that these relationships are
largely determined by gravitational forces. Although the upper lung is not
ventilated it still receives pulmonary blood flow from the right ventricle and this
results in significant right to left intra-pulmonary shunting during surgery. In
addition, small areas of the lower lung collapse because of compression and a
marked fall in the functional residual volume (Strandberg et al. 1986). Also con-
tributing to collapse will be pooling of secretions which occurs in the airways
during general anaesthesia. This problem is compounded if the ventilated lung is
already impaired due to pulmonary disease, in which case severe arterial
hypoxaemia may result, hence the importance of careful pre-operative evaluation
of pulmonary function.

The preferential distribution of blood through the lower lung also contributes to
a right to left shunt during surgery as the lower lung is less compliant and during
mechanical ventilation air finds its way to areas of least resistance - the upper
lung. Further falls in PaO, may be caused by a reduction in cardiac output as
intrathoracic pressure becomes more positive during mechanical ventilation.

Hypoxaemia is common during thoracic surgery mainly due to:

m Shunting of blood through collapsed upper lung
m Shunting of blood through lower lung because of micro-atelectasis

Hypoxic pulmonary vasoconstriction as a compensatory mechanism may have
a minor beneficial role during surgery. During one-lung anaesthesia, although
alveolar ventilation is reduced, hypercapnia does not usually cause concern as the
anaesthetist ensures that the minute volume is maintained at a level appropriate
for the two lungs (even though one is collapsed).

In chronic pulmonary disorders the circulation to diseased lungs is often con-
siderably reduced and because some adaptation has therefore occurred prior to
surgery falls in PaO, may not be as great as in patients presenting for other types
of thoracic surgery with normal lungs, e.g. oesophagus.

Sometimes hypoxaemia during surgery demands additional intervention and
CPAP (continuous positive airway pressure) to the operative lung and PEEP
(positive end expiratory pressure) to the dependent lung may be used.

Following pulmonary resection the anaesthetist confirms with the surgeon
whether or not suture lines and lung surfaces have air leaks. This may be deter-
mined by, for example, applying positive pressure via the ventilator through
the double lumen tube and observing for the presence of gas bubbles in the
pleural cavity. If an air leak is excessive then corrective surgery or suturing will
be necessary, although a small air leak will diminish as the remaining lung
tissue expands. Following lobectomy the anaesthetist ensures that the tracheo-
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bronchial tree is clear and the lungs are reinflated manually. Two chest drains
are inserted and connected to an underwater seal drain. These drains are left
open. Following a pneumonectomy the non-operated lung is reinflated and cen-
tralised. It is important that the mediastinum is positioned correctly otherwise
serious haemodynamic and pulmonary changes can occur. This is achieved
either by leaving in a chest drain which is clamped and later unclamped for a
minute every hour or by the surgeon aspirating air from the hemithorax with a
syringe.

At the end of the procedure the double lumen tube is changed for a conven-
tional endotracheal tube. Spontaneous ventilation is once more established at the
end of surgery, and once extubated, the patient is positioned well-supported with
pillows, supplementary oxygen given and the immediate post-operative care
given in a high dependency area. It may be necessary for some patients to receive
a period of intermittent positive pressure ventilation post-operatively in which
case transfer to an intensive care unit will be needed. Fast track for early tracheal
extubation is based on sufficient gas exchange with an SaO, >90 on FIO, of 0.40
and stable cardiovascular conditions. The patient must be awake and orientated
with recovery of all protective reflexes.

Video-assisted thoracic surgery (VATS)

Surgeons are continuing to develop video-assisted thoracic surgical techniques for
both diagnostic and therapeutic purposes and this has been made possible by the
developments in video technology and instrumentation. Preparation of the
patient is as for standard thoracotomy, and once intubated with a double lumen
tube the patient is similarly positioned laterally with the operated side uppermost.
The surgeon makes a small incision which follows the same line as the usual
anterolateral incision and any additional entry points are positioned so that some
of these can be used for intercostal drainage at the end of surgery. Several ports
allow the surgeon to use various instruments according to the procedure being
performed. The upper lung is collapsed and once the thoracoscope has been
introduced a video camera and light source are attached allowing the surgeon to
view the surgical area on a monitor. If necessary the surgeon can easily revert to
open thoracotomy.

Video-assisted surgery results in less tissue damage, and although pain may
still be severe immediately following surgery, mobilisation and recovery is
usually rapid. VATS has been associated with lower levels of pro-inflammatory
cytokines (e.g. interleukin-6) and less effect on specific anti-tumour immunity and
non-specific secondary immunity (Craig et al. 2001). Although post-operative
markers of inflammation and impaired immune function are reduced, the clinical
significance has yet to be shown (Moffatt et al. 2002). Intravenous opioids are
usually sufficient but some procedures involving the pleura can still be extremely
painful, requiring an epidural. Intercostal drainage is usual for a short period to
facilitate inflation of the operated lung post-operatively and persistent air leak
may be troublesome. The principles of nursing care following VATS remain the
same and although a relatively safe procedure the following complications are
possible (Rao et al. 1999):
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Subcutaneous emphysema
Bleeding requiring transfusion
Cardiac arrhythmias

Infection

Dissemination of malignant tumours
Atelectasis

Pneumonia

Empyema

Wound infection

Trocar injury

Myocardial infarction

Death

Pleurectomy, lung biopsy, drainage of effusions/talc pleurodesis and lung
volume reduction surgery have been by VATS. Although VATS may be used for
staging in some patients, lung resection remains controversial, as clearance of
tumour may be less effective than with open thoracotomy.

Lung volume reduction

In emphysema there is permanent abnormal enlargement of the distal air spaces
with destruction of the bronchiole wall. With a loss of elastin due to proteases
there is an increase in compliance but decrease in elastic recoil, resulting in air
trapping with hyperinflation of the lungs. With flattening of the diaphragm the
lungs are at a mechanical disadvantage and the work of breathing is increased,
particularly during the expiratory phase, often resulting in collapse of distal air-
ways.

In 1957 (Brantigan et al. 1959) it was hypothesised that removal of localised
emphysematous areas might provide benefit by:

B Re-expansion of the more normal lung by allowing its elastic recoil properties
to exert radial traction on small airways and thus promote their patency
during expiration

B An overall decrease in lung volume promoting better chest wall mechanics
and restoring a more normal diaphragm configuration.

Several trials have now shown that in patients with emphysema, lung volume
reduction can alter lung function, increase walking distance and improve quality
of life (Geddes et al. 2000; Goodnight-White et al. 2001). Surgery is often performed
through a median sternotomy reducing morbidity associated with bilateral
thoracotomy and 20-30% of the most diseased portions of each lung are removed.
One-lung anaesthesia is used with a double lumen tube and the procedure usually
involves bilateral surgical removal of lung tissue and staple lines reinforced with
bovine pericardium strips (Cooper 1995). Four chest drains are usually inserted
and, to avoid injury to lung tissue, suction at a reduced level of —10 cm of water
pressure is applied. Some surgeons may avoid suction completely.
Post-operatively, hypotension may occur due to fluid restriction. In addition,
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the epidural can result in sympathetic blockade and peripheral vasodilation. Heat
loss during the peri-operative period may result in hypothermia and prolonged
bleeding times so steps should be taken to restore normal body temperature.
Haemodynamic status may be further compromised by the development of
arrhythmias during the first few days following surgery.

Because of the long history of emphysema there can be significant pulmonary
problems in the immediate post-operative period following lung volume reduc-
tion. As with all patients following thoracic surgery, therapeutic interventions are
employed to minimise the risk of atelectasis, pneumonia and respiratory failure.

Although early use of lung volume reduction often involved patients with
severe end stage emphysema, preliminary findings from the National Emphy-
sema Treatment Trial (NETT 2001) have warned against performing surgery on
patients with a low forced expiratory volume in 1 second (<20% predicted) or very
low transfer factor (<20% predicted), because of a high risk of death. As a result,
many patients are now excluded from surgery. However, an alternative pro-
cedure for volume reduction using a bronchoscopic approach (Ingenito et al. 2001)
shows promise, but as yet there have been no trials in humans and many quest-
ions remain (Toma et al. 2002).
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All patients following cardiothoracic surgery will have varying degrees of hae-
modynamic instability and pulmonary impairment with hypoxaemia. Acute
changes of preload, pulmonary dynamics, autonomic nervous tone and blood
properties will tax the already compromised physiological systems. The heart will
also be placed under considerable stress and this may lead to post-operative
morbidity, even in patients with previously healthy hearts. This chapter considers
some of the issues in the care and management of the patient following cardio-
thoracic surgery.

The maintenance of homeostasis in the post-operative period is crucial and the
ability of the heart to raise cardiac output, and for the pulmonary system to
maximise gaseous exchange is necessary for a successful post-operative period.
Continuation of the stress response in the immediate post-operative period may
be maladaptive and a major contributing factor in the development of many of the
post-operative complications. Along with other members of the team, the nurse
has a key role in helping to modify the stress response by employing effective
strategies in the pre- and post-operative periods. This is particularly important
regarding assessment, sedation and pain relief and in the creation of a safe care
environment that is conducive to maximising the healing process.

Prevention, early identification and correction of tissue hypoxia are important
skills in caring for the critically ill patient and require an understanding of oxygen
transport, delivery and consumption (Leach & Treacher 2002). The development
of metabolic acidosis, accumulation of lactate (>2 mmol/I), a fall in mixed venous
oxygen saturation together with oliguria and impaired consciousness are indi-
cative of worsening oxygen delivery. Although raising FIO, may improve the
PaO,, additional parameters reflecting the effectiveness of DO, must be moni-
tored. The oxygen-carrying capacity of the blood must be increased, but
increasing the haemoglobin concentration too much may result in increased
viscosity with impaired flow through the microcirculation, and levels around
10 g/dl are considered acceptable (Hebert et al. 1999). An effective cardiac output
is necessary to transport the oxygenated blood to the tissues, and left ventricular
function therefore is an important consideration. Shivering, pyrexia, pain, anxiety
and sympathomimetic agents may all increase oxygen consumption further in the
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early post-operative period and mechanical ventilation, sedation, analgesia and, if
necessary, therapeutic paralysis will reduce VO, (Leach & Treacher 2002 ).

Pulmonary changes following cardiothoracic surgery

When vital capacity and functional residual capacity are reduced during surgery
they are unlikely to return to normal until well into the post-operative period. This
together with the inevitable compression of lung tissue and poor diaphragmatic
movement will lead to micro-atelectasis, a common event following cardio-
thoracic surgery. If loss of lung volume is significant this will be detectable on
chest radiography. Atelectasis will cause ventilation perfusion mismatch with a
right to left shunt, causing reduced PaO, and oxygen saturations. Accumulating
secretions in the airways during general anaesthesia will also contribute to
atelectasis and may lead to post-operative pneumonia.

A number of additional intra-operative factors may contribute towards the
development of pulmonary problems and these are outlined in Fig. 6.1.

In cardiac surgery it is the utilisation of cardiopulmonary bypass (CPB) that is
responsible for pulmonary changes such as a decrease in functional residual
capacity (FRC) (Taggart et al. 1993; Kochamba et al. 2000), increased lung per-
meability and reduced surfactant (Royston et al. 1985; Haslam et al. 1997). During
thoracic surgery the lung on the operated side is often collapsed resulting in a
right to left shunt. Cardiac and thoracic surgical procedures usually require
median sternotomy and posterolateral incisions, respectively, and these incisions
alone affect the integrity of the chest wall, reducing compliance. With compres-
sion atelectasis and decreased compliance the work of breathing is increased
significantly. As a result, patients often show decreased tidal volumes and
increased respiratory rates, and while this will maintain minute volume in the
short term, high respiratory rates will increase oxygen consumption and lead to
muscle fatigue. If the patient is unduly distressed because of increased respiratory
effort then this should be investigated and corrected. Worsening hypoxaemia,
tachycardia, tachypnoea, fever and increased anxiety may all be indicative of
atelectasis or some other developing respiratory problem. Figure 6.2 shows the
changes which occur with post-operative atelectasis.

A significant number of patients requiring surgery today are elderly, and age-
related changes in the respiratory system and a history of smoking may contribute
to pulmonary complications (Kheradmand et al. 1997). In the elderly, for example,
there is a gradual breakdown of elastin and cross-linking of collagen that impairs
lung elastic recoil, a decline in respiratory muscle strength and endurance with less
thoracic cage compliance. With increasing age, closing capacity is nearer functional
residual capacity which results in airway collapse during normal breathing. Posi-
tioning during and immediately following surgery may exaggerate this effect.

Changes in gas exchange as a result of surgery can continue well into the post-
operative period and the nurse must be alert for signs of deteriorating pulmonary
status. Most patients will receive supplementary oxygen, and with PaO, values
possibly underestimating any ventilation abnormality, additional signs of pul-
monary compromise must be watched for.
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The following sections consider issues specifically related to cardiac and thoracic
surgery before exploring additional aspects of care in the post-operative period. A
comprehensive table setting out issues in the post-operative management of the
patient following cardiac surgery is presented as an appendix to this chapter.

Specific care issues following cardiac surgery

Historically, the person who has undergone cardiac surgery has been cared for in
the intensive care setting. More recently, however, the fast-track principle,
although originally designed to eliminate long waiting lists (Ranganathan 1989),
has changed the emphasis of care from one that is “high tech to high touch” (Riley
1995). Utilising the principles discussed in Chapter 4, careful selection is made of
those patients most likely to benefit from fast-tracking. Table 6.1 suggests
guidelines for identifying such patients.

Table 6.1 Fast-track criteria

Age <70 years

Left ventricular ejection >30%

Left ventricular ejection >50% if myocardial infarction within previous month
Respiratory parameters within normal limits
Renal function within normal limits

Liver function within normal limits

Coagulation within normal limits

No recent alcohol or recreational drug abuse
Systemic hypertension controlled pre-operatively
No previous cerebrovascular accident

Planned surgery

First operation for revascularisation

No insulin-dependent diabetes

Body weight <20% over ideal weight

Pulmonary issues

Intra-operative care should facilitate early extubation, which should occur either
prior to leaving the operating room or soon after the return to the recovery unit.
For this reason the pharmacological reversal of any residual effects of muscle
relaxants or anaesthetic agents is needed and the patient should be completely
rewarmed before leaving the operating room. Sedation may reduce the stress
response often associated with adverse outcome; however, prolonged use
increases the need for mechanical ventilation and a period in the intensive care
unit (ICU). This is in opposition to current practices of early extubation and fast-
tracking (Doering 1997; Dunstan & Riddle 1997). The use of a short-acting sedative
drug such as propofol, combined with analgesia, will decrease the stress response
and has been shown to reduce myocardial ischaemia (Hall et al. 1997). It may
therefore be useful in the immediate post-operative period. This will allow the
patient to verbalise their anxieties or need for pain relief while still allowing for
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early extubation. Analgesia through the intermittent use of intravenous opiates or
patient-controlled analgesia is effective to reduce pain and facilitate deep
breathing and early mobilisation.

Where early extubation is not an option, the patient is transferred to the ICU
and volume cycled mechanical ventilation is established, usually with a syn-
chronised intermittent mandatory ventilatory mode. If arterial blood gases are
acceptable then FIO, is maintained at 0.40. The patient remains sedated and
mechanically ventilated thereby reducing the work of breathing. Continuous
post-operative sedation and analgesia may reduce the incidence or severity of any
post-operative myocardial ischaemic episodes and thus contributes towards
fewer adverse events (Reyes et al. 1997).

Weaning from mechanical ventilation is usually quite rapid and follows a short
trial period of spontaneous breathing via the endotracheal tube and T piece or
CPAP. Pulmonary and haemodynamic parameters are monitored carefully dur-
ing this time to see if extubation is possible (see Table 6.2). Delayed weaning from
mechanical ventilation in patients following cardiac surgery may be due to
(Gothard & Kelleher 1999):

Pre-existing pulmonary disease

Left ventricular failure

Pneumonia

Neurological damage

Pneumothorax or pleural effusion

Phrenic nerve injury associated with the use of topical slush

Acute lung injury associated with CPB including acute respiratory distress
syndrome (ARDS)

Table 6.2 Parameters for weaning from mechanical ventilation

B Alert and able to follow verbal commands
B Haemodynamic stability (MAP >80 mmHg without large doses of vasodilators or inotropes
other than dopamine (<5 mcg/kg/min); no untreated arrhythmias
B Minimal chest tube drainage (<50 ml/h)
m Normothermia (>35.5°C)
B Arterial blood gases: PaO, >10kPa
PCO; <5.5 kPa
pH 7.32-7.45
W Respiratory rate <24/min
B Ventilatory support no more than 50% O, and PEEP <5 cm H,O

Extra vigilance should be exercised where the internal mammary artery has
been used for coronary artery revascularisation and the pleural cavity has been
opened. This can increase the risk of pulmonary problems (Gilbert et al. 1996).

Mild pulmonary complications are to be expected and these may include chest
infections caused by limited mobility, pain, inadequate pain relief and shallow
breathing with the sternal wound site. The pre-operative condition of the patient
also plays a significant part in the development of such complications. Age,
obesity, massive blood transfusions, low cardiac output and sepsis have all been
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implicated. Yet a more recent study also indicated a clear correlation between
pulmonary complications and other factors such as hypoalbuminaemia, emer-
gency surgery, pre-operative raised pulmonary artery pressures and a history of
CVA (Rady et al. 1997). The use of the pre-operative period to identify those at
increased risk of pulmonary complications, and to start pre-operative interven-
tions, is clear. Atelectasis may develop secondary to hypoventilation and will be
compounded by the reduced production of surfactant that occurs when the lungs
are left deflated for a period of time, as during CPB. Less commonly, adult
respiratory distress syndrome develops. This is largely thought to occur
secondary to increased capillary permeability following CPB. When it does occur,
it is associated with increased mortality.

Haemodynamic status

Low cardiac output can be a serious complication following cardiac surgery. In
patients with pre-existing left ventricular dysfunction, low cardiac output in the
post-operative period is not surprising, yet may return to normal over the fol-
lowing days or weeks. When the depressed left ventricular function occurs at rest
it is likely to be ischaemic in origin and the term ‘hibernating myocardium’ is
used. This indicates that the myocardial cells remain viable but contraction is
chronically depressed. Hence, once the blood supply to the myocardium is
restored, left ventricular function may improve. It must be recognised, however,
that as poor left ventricular function is not always due to a hibernating myo-
cardium, function may not improve with cardiac surgery. Patients that have
developed heart failure should not be assured that their heart function will
necessarily improve, although their symptoms should reduce.

For others, post-operative left ventricular dysfunction is not anticipated from
the pre-operative assessment, and the term ‘stunned myocardium” may be a more
appropriate term, necessitating a short period of post-operative inotropic support.
During cardiac surgery, despite good myocardial protection outlined in the pre-
vious chapter, the myocardial cells may experience brief periods of ischaemia.
This may lead to post-ischaemic contraction dysfunction, lasting for several hours
or even weeks. Indeed, Kloner ef al. (2001) suggest that this transient depression of
the left ventricular function may be fairly common despite the increasing attention
given to myocardial protection. This raises the importance of improving myo-
cardial protection and ischaemic preconditioning and indicates another potential
advantage of beating heart surgery. The two major hypotheses for myocardial
stunning include the effect of oxygen free radicals on reperfusion (Bojar 1999) and
a loss of sensitivity of the myofilaments to calcium alongside reduced calcium
storage (Elasser ef al. 1997). It is likely that these two hypotheses are not mutually
exclusive and that a combination of the two is responsible for the changes
observed.

When poor ventricular function is anticipated, invasive monitoring should be
used in the immediate post-operative period. It is likely that a pulmonary flotation
catheter or left atrial line will have been inserted intra-operatively and should be
used to guide the post-operative management. An intensive care bed should be
organised. Treatment of low cardiac output in these situations requires the careful
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manipulation of haemodynamic parameters, administration of inotropic agents
and the optimisation of filling pressures as illustrated in the first case study below.
In rare instances, an intra-aortic balloon pump or left ventricular assist device may
be necessary to maintain cardiac output while the heart recovers from the
immediate insult. When low cardiac output occurs during the course of an
otherwise normal post-operative period, alternative causes should be detected,
such as electrolyte abnormalities, arrhythmias, cardiac tamponade, bleeding or
sudden vasodilation. This is illustrated by the second case study.

Case study 1: Low cardiac output

Mr Jones, a 54-year-old gentleman, has undergone coronary artery bypass
grafting and returned from the theatre approximately 3 hours ago. Since then
he has warmed up slowly and now has a central temperature of 35°C. He is
cool peripherally to touch with poor capillary refill.

Additional data records the following values:

Heart rate 110 bpm (sinus tachycardia)
Blood pressure  95/50 mmHg

RAP 14 mmHg

ABGs: PaO, 11.0kPa

PaCO, 5.2kPa

HCO; 23 mmol/1

BE 4.5

O, saturation 96% on 50% O, on IPPV

K* 4.5mmol/1

Urine output after initial diuresis has tailed off to 20ml/h (weight = 80 kg)
Chest drainage  50ml/h
Haemoglobin 10.0g/dl

Mr Jones is demonstrating all the signs of a reduced cardiac output; both his
central and peripheral temperatures remain low and his feet feel cold to
touch. His urine output and blood pressure are low. The heart rate at 110 bpm
demonstrates the normal compensatory mechanism to the low cardiac output.

The right atrial pressure (RAP) is high and the haemoglobin level is within
normal limits. This is not consistent with hypovolaemia as a cause for the
reduced cardiac output. The probable cause is decreased myocardial con-
tractility due to myocardial ischaemia, infarction or stunning.

Treatment

A 12 lead ECG was recorded for signs of ischaemia or infarction and a low
dose of intravenous nitrate therapy was started. This would eliminate any
coronary artery spasm and increase the myocardial oxygen supply while
reducing myocardial oxygen demand.
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At this stage the low urine output should not be treated with a fluid chal-
lenge as the RAP is high. Instead, a low-dose intravenous infusion of dopa-
mine could be started to improve renal perfusion and the inotropic action of
the heart. Alternatively, dobutamine could be used for its inotropic effect
while having a lesser effect upon the heart rate.

Mr Jones should be kept sedated and ventilated until his cardiac output
shows signs of responding to the treatment. If Mr Jones’ cardiac function
remains poor, additional inotropic drugs may be considered or the intra-
aortic balloon pump.

Conclusion

Mr Jones was developing cardiogenic shock. Myocardial contraction should
be helped through increasing myocardial oxygen supply through good oxy-
genation and nitrate therapy. Myocardial oxygen consumption should be
minimised through reducing the work of breathing. Myocardial contraction
can be enhanced through reducing both the cardiac afterload and preload
while an intravenous inotrope will increase myocardial function.

Case study 2: Cardiac tamponade

Mr Smith, a 54-year-old gentleman, has undergone coronary artery bypass
grafting and returned from the theatre approximately three hours ago. Since
then he has warmed up slowly and now has a central temperature of 35°C. He
is cool peripherally to touch with poor capillary refill.

Additional data records the following values:

Heart rate 110 bpm (sinus tachycardia)
Blood pressure  85/50 mmHg

RAP 14 mmHg

ABGs: PaO, 13.0 kPa

PaCO, 5.2kPa

HCO; 23 mmol/1

BE 45

O, saturation 96% on 50% O, on IPPV

K* 4.5mmol/1

Urine output after initial diuresis has tailed off to 40 ml/h (weight = 80kg)
Chest drainage ~ <25ml/h
Haemoglobin <8.5g/dl

Note the similarities to the previous case study. Mr Smith is demonstrating all
the signs of a reduced cardiac output: both his central and peripheral tem-
peratures remain low and his feet feel cold to touch. His urine output is low,
although still above 0.5ml/kg/h, and his blood pressure is low. The heart rate
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at 110bpm demonstrates the normal compensatory mechanism to the low
cardiac output. However, the RAP is high while the chest drains have mini-
mal drainage. One possible cause of this low cardiac output therefore is
cardiac tamponade, when blood collects around the heart. As the haemo-
globin is low, Mr Smith may indeed be bleeding.

Treatment

Mr Smith was sat up to a 45 degree angle to facilitate drainage and release the
developing cardiac tamponade. One unit of blood was given to raise the
haemoglobin and haematocrit. Raising the haematocrit should also help to
improve the blood pressure and the metabolic acidosis should improve
slowly as the cardiac output improves and his body temperature rises.

As Mr Smith’s condition started to improve a low-dose nitrate was started
to assist his rewarming.

Conclusion

Mr Smith was developing a cardiac tamponade, which, if left untreated,
would lead to serious haemodynamic compromise and possible cardiac
arrest. The high RAP and low blood pressure are classic signs of cardiac
tamponade. Consequent to this, the cardiac output will fall and is demon-
strated here by the cool temperatures and low blood pressure. The heart rate
increases as a compensatory mechanism and the process of cardiogenic shock
is beginning. The metabolic acidosis is caused by the low cardiac output. This
is compounding the situation by reducing myocardial contractility still fur-
ther. This cycle should be halted.

This is distinguished from hypovolaemic shock by the right atrial pressure
recordings. In Mr Smith’s case the RAP was high because the heart was
constricted, whereas in the presence of hypovolaemia the RAP reading would
be low. The minimal chest tube drainage does not rule out hypovolaemia: it
cannot be assumed that there will always be a large blood loss recorded from
the chest drains when a patient is hypovolaemic.

Myocardial ischaemia

Myocardial ischaemia can develop in the intra/post-operative period, however,
in about 5% of patients undergoing cardiac surgery, the heart is exposed to such
severe ischaemia that a myocardial infarction (MI) occurs (Bojar 1999). Causes for
this include:

m Severe acidosis
m Long operative procedure
® Long time on CPB
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Lack of collateral blood supply
Coronary artery spasm
Inadequate myocardial protection
Cardiomegaly

Although troponin I is now widely used as a marker of MI, as with creatinine
kinase MB (CK-MB) isoenzyme, levels are raised following cardiac surgery and
cannot therefore be used to confirm MI. This raises the importance of observing
other indicators of myocardial infarction such as the development of new
pathological Q waves on the 12 lead ECG or poor R wave progression.

The management of these patients should include strategies to reduce myo-
cardial oxygen imbalance through maximising oxygen supply while reducing
demand. Patients who demonstrate myocardial ischaemia should not be extu-
bated early as the increased work of breathing may exacerbate the supply/
demand imbalance. Instead, a more prolonged period of sedation and ventilation
is appropriate ensuring good oxygenation while increasing myocardial oxygen
supply still further through the use of various pharmacological agents (see Table
6.3). The management of various haemodynamic problems is outlined in Table
6.4.

Coronary artery spasm

Coronary artery spasm may occur during the early post-operative period and is
recognised by severe haemodynamic collapse, which may lead to cardiac arrest.
The cause is unclear although excessive infusions of calcium, hypothermia and
increased adrenergic tone have been implicated. The early signs of coronary
artery spasm include acute hypotension, ST segment elevation and ventricular
arrhythmias. The spasm may be relieved by the intravenous infusion of nitro-
glycerine, although calcium channel blockers are usually required for severe,
acute coronary artery spasm. However, a low dose of nitroglycerine, infused
during the first 12 hours following cardiac surgery, may prove effective in elim-
inating this potentially fatal condition.

Bleeding

Bleeding after cardiac surgery is clearly a risk when considering the number of
suture lines, intra-operative heparinisation and platelet depletion or dysfunction
associated with CPB. It is standard practice for chest drains to be inserted into the
mediastinal area, pericardial region and the pleural space to assist blood drainage
and this should be monitored at regular intervals. A gentle suction pressure of
around 5 kPa should be applied to the drains. This should maintain a slow,
consistent bubbling to the water that creates the underwater seal (Bare El et al.
2001). Suction or manipulation of the chest drains that may cause an excessive
negative pressure should be avoided. Although there is no strong evidence to
suggest how chest drains should be manipulated to encourage drainage and
prevent clot formation, the practice of ‘milking and stripping’ of chest drains is
largely avoided in current practice. If blood is thought to be collecting in the
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mediastinum, drainage through the chest drains may be encouraged through
gentle movement of the patient and sitting them up to a 45 degree angle if they are
haemodynamically stable. Bleeding can lead to serious haemodynamic con-
sequences associated with hypovolaemic shock. If excessive bleeding is recog-
nised it is important to eliminate the cause.

Cardiac tamponade

Cardiac tamponade may occur when blood or fluid collects in the pericardial
space. The pericardial sac is fibrous with little elasticity. A gentle stretching of the
pericardium may accommodate a slow accumulation of fluid. In contrast, the
rapid accumulation of fluid will compress the heart, preventing diastolic filling
and reducing cardiac output. An acute cardiac tamponade, therefore, may
develop when excessive bleeding results in clots forming within drainage tubes,
preventing further drainage so that blood collects within the pericardial cavity.
Coagulopathies associated with CPB, combined with inadequate surgical
haemostasis, are more common causes of excessive bleeding, although excessive
strain on suture lines caused by inadequately controlled high blood pressure has
also been cited. Early tamponade may also occur when intracardiac monitoring
catheters are removed, such as a left atrial line, or following the removal of epi-
cardial pacing wires. The classic symptoms of a cardiac tamponade are known as
Beck’s triad: the heart is small and the heart sounds are muffled, the venous
pressure is elevated and the systemic arterial pressure is decreased. The clinical
signs are outlined in Table 6.5.

When cardiac tamponade is suspected, non-invasive echocardiography may be
useful. Cardiac tamponade may be a very late complication occurring up to 6
months after surgery (Johnston & McKinley 2000).

An emergency exploratory sternotomy, either in the operating room or at the
bedside, is a lifesaving procedure that may be necessary to treat major haemor-
rhage, acute hypotension, cardiac tamponade or cardiac arrest. Possibly as many
as 3% of patients require re-exploration for excessive bleeding (Slaughter et al.
2001). Clearly, the nurse plays an important part in recognising the warning signs
of a deteriorating condition. Although the atrial suture lines are common sites for
bleeding, discrete sites may not be discovered on re-exploration of the operative
sites. This highlights the necessity to treat any coagulopathies first, before
exploration of the mediastinum and a repeat anaesthetic to the patient who is
already haemodynamically compromised.

Arrhythmias

Arrhythmias following cardiac surgery occur commonly and for a variety of
reasons. The increased secretion of catecholamines resulting from the stress
response shifts potassium into the cell and may lead to hypokalaemia. The
hypokalaemic cell is more negatively charged and requires a greater trigger for
depolarisation. Meanwhile, the ventricular cells are able to spontaneously
depolarise and ventricular arrhythmias, such as premature ventricular contrac-
tions (PVCs), may result. Conversely, the hyperkalaemic cell becomes partially



Table 6.3 Examples of pharmacological agents used post-operatively

Drug

Action

Indications

Side-effects

Nursing implications

Dopamine
endogenous
catecholamine-
precursor of
norepinephrine

Dobutamine
synthetic
catecholamine

Inotropic with some chronotropic effects

Haemodynamic effects are dose
dependent

Dopaminergic receptors stimulated at
low doses result in increase urinary
output and increased sodium excretion

(1.0-2.0 mcg/kg/min)

B-1 increase myocardial contractility
and a-1 vasoconstriction of smooth
muscle, renal and mesenteric vascular
beds at moderate doses (2.0-10 mcg/kg/

min)

Alpha properties dominate at high doses

causing potent vasoconstriction of

arteries and veins (10 mcg/kg/min). Can
be combined with vasodilator to counter

o activity

Inotropic with minimal chronotropic

effect

Stimulate B-1 receptors at lower doses

and B-1 and B-2 at higher doses
(7.5 mcg/kg/min). Minimal a-1

(vasoconstriction) antagonised by -2

effects

Increased myocardial contractility and
vasodilation at higher doses decreasing

afterload and SVR

Increases cardiac output/stroke volume

therefore MVO,

Preload and afterload reduction through

vasodilation

Increase contractility in
congestive heart failure
Increase blood
pressure in
hypotensive or
shocked states
Administration of low-
dose dopamine to
critically ill patients at
risk of renal failure
does not offer clinical
significant protection
from renal dysfunction

Congestive cardiac
failure and other states
of decreased cardiac
output

Pulmonary congestion
Initial dose 2.5-5 mcg/
kg/min

Usual 2.5-10 mcg/kg/
min

Maximum 40 mcg/kg/
min
Contra-indications:
idiopathic
hypertrophic subaortic
stenosis

Pulmonary
congestion due to
increase preload
Pulmonary oedema
if left ventricular
function is poor
Tachycardia and
dysrhythmias
particularly in
volume-depeleted
patients
Headaches
Ischaemia due to
increased MVO,
Nausea and
vomiting

Ventricular ectopics,
ischaemia and chest
due to increased
MVO,

Nausea and
vomiting
Down-regulation of
receptors which can
be overcome with
intermittent dosing

Administration via an infusion
pump

Administer through central or
peripheral line. Central line
administration for concentrations
over 2 mg/ml

Continuous cardiac and arterial
pressure monitoring

Correct hypovolaemic states
Observe for extravasation and
subcutaneous necrosis around
infusion site

Incompatible with many alkaline
solutions

Wean off gradually

Administration via an infusion
pump

Drug concentrations above 5mg in
1 ml must be given via a central line

Continuous cardiac and
haemodynamic monitoring
Titrate in accordance with
prescribed haemodynamic
parameters

Correct hypovolaemic states, if
urine output increases monitor
potassium and magnesium levels
Many drug incompatibilities
Wean off gradually

44"
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Phosphodiesterase-
Il inhibitors or
‘inodilators’

Amrinone

Milrinone

Inotropic — inhibition of
phosphodiesterase, raises level of Camp
Vasodilator — phosphodiesterase
inhibitors exert a direct relaxed effect on
vascular smooth muscle resulting in
vasodilation of venous and arterial
vasculature reducing preload and
afterload

Systemic vasodilator effect (70%),
increasing myocardial contraction,
cardiac output and stroke volume
through phosphodiesterase inhibition
and increased Ca*™ transport across cell
membrane raising level of intracellular
Ca™. Inotropic effect accounts for 30%
of its action

Potent inotrope and vasodilatory effects
reducing SVR, improving cardiac
output, coronary perfusion and
myocardial relaxation with only 5% rise
in MVO,

Falling cardiac output
and when other
inotropes cause
tachycardia

Poor right ventricular
contraction and
pulmonary
hypertension
Amrinone 10-15 mcg/
kg/min

Milrinone 0.375-
0.75 mcg/kg/min

Amrinone
Thrombocytopenia
Cardiac arrhythmias
Nausea

Vomiting

Hepatic function
abnormalities

Milrinone
Angina

Flushing
Headaches
Hyperthyroidism
Arrhythmias

Continuous infusion via an infusion
pump

Continuous cardiac and arterial
pressure monitoring

Correct hypovolaemic states
Thrombocytopenia reported with
amrinone (platelet count important),
rarely with milrinone

Long half-life, having
haemodynamic effects for several
hours — continue to monitor as
effects start to wear off

Wean gradually

Contd
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Table 6.3 Contd

Drug Action Indications Side-effects Nursing implications
Epinephrine B-1 effects at low doses increase Cardiac arrest Increase myocardial ~ Administration via an infusion
endogenous myocardial contractility Epinephrine increases  contractility at pump

catecholamine
synthesised from
tyrosine in the
adrenal medulla

Norepinephrine an
endogenous
catecholamine

B-2 effects — vasodilation and
bronchodilation

a-1 vasoconstriction

B-centrally inhibits norepinephrine
when epinephrine at high doses
Increases glucagon by increasing
glycogenolysis and decreases insulin
production (,)

Major effect: increases blood pressure,
systemic vascular resistance,
automaticity of the heart, coronary and
cerebral blood flow
Contra-indications: hyperthyroidism

a-1 properties dominate, potent
vasoconstriction and increased afterload
raising systemic blood pressure
Increases afterload and contractility with
an increase in MVO,, heart rate remains
constant

Reduces local tissue perfusion

susceptibility of
ventricular fibrillation
to defibrillation, used
as first line drug for
ventricular fibrillation
First line drug for
pulseless electrical
activity (PEA) 1 mg
(10ml of 1:10000)
Poor cardiac output
(low dose)
Anaphylaxis

Especially useful in
hypotensive states with
low systemic vascular
resistance such as
sepsis

Starting dose
(especially following
cardiac surgery as
patients warm and
vasodilate: 2-100 mcg/
min

Interactions: Tricyclic
antidepressants and
MAO inhibitors
increase
norepinephrine effects

expense of increased
MVO, which may
increase angina or
pain

Severe hypertension
Hyperglycaemia
Central nervous
system excitability —
anxiety, headache,
dizziness

Mydriasis at high
doses

Can cause metabolic
acidosis

Increasing afterload
and contractility
with an increase in
MVO; resulting in a
decrease in cardiac
output

Peripheral
hypoperfusion
causing renal,
abdominal visceral
and skeletal muscle
ischaemia

Administered via central line

Must not be administered or added
to alkaline solutions (e.g. sodium
bicarbonate)

Continuous cardiac monitoring —
observe for tachycardia and
arrhythmias

Arterial pressure monitoring
Increased a activity at high doses
increasing vasoconstriction and
blood pressure therefore monitor for
extravasation around infusion site
Titrate in accordance with
prescribed haemodynamic
parameters

Blood glucose and potassium levels
Wean slowly

Administration via an infusion
pump

Administered via central line
Continuous cardiac monitoring for
increasing angina, ventricular
ectopic (myocardial stress)

Arterial pressure monitoring
Assessment of peripheral tissues and
urine output

Titrate in accordance with
prescribed blood pressure and other
haemodynamic parameters

Wean slowly
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Nitrates
isosorbide dinitrate,
nitroglycerine

Calcium channel
blockers

e.g. nifedipine,
diltiazem,
verapamil,
amlodipine

ACE inhibitors
e.g. enalapril,
captopril

Vasodilates through relaxation of
smooth muscle

Dilates venous capacitance
predominantly but also arterial vessels
Decreases preload and afterload
Reduces MVO, because of peripheral
vasodilation

Increases heart rate

Relaxes vascular smooth muscle
reducing peripheral resistance and
blood pressure

Specific agents have different effects,
e.g.:

Nifedipine (arterial vasodilator)
Diltiazem/verapamil (slows
supraventricular patterns)

Inhibits conversion of angiotensin | into
angiotensin Il

Increases loss of Na and H,O

Dilates arterial and venous beds
therefore reducing blood pressure
Reduces preload and afterload and
MVO,

Following cardiac Dizziness,
surgery headaches
Used to relieve pain of Nausea and
angina pectoris vomiting
Hypertension Agitation and
ECG changes due to flushing

myocardial ischaemia

Useful to reduce blood
pressure even where
there is evidence of
myocardial ischaemia
Coronary spasm

Slow ventricular
response to atrial
tachycardias

Reduces effect of
vasoactive mediators
activated by CPB
Useful in reducing
blood pressure and
MVO,

May be given orally or
\Y

Chronic heart failure
following myocardial
infarction

Administered orally, transdermal or
IV. If IV, should be titrated carefully
using an infusion pump

Correct hypovolaemic states

PVC tubing absorbs a large
proportion of NTG

Some have negative inotropic effect
which may be detrimental if cardiac
output poor

Important to be familiar with effects
of specific agent prescribed

Observe for hypotension initially
Hyponatraemia may be a problem
Hyperkalaemia may occur if K-
sparing diuretic being taken
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Table 6.4 Management of haemodynamic problems

BP PCWP CcO SVR Plan

l l l l Volume

N 7 N 1 Diuretic or venodilator

l 1 l 1 Inotrope

i 1 l T Vasodilator

Tl 1 ! 1 Inotrope/vasodilator/IABP
l N N l o agent

BP blood pressure; PCWP pulmonary capillary wedge pressure; CO cardiac output;
SVR systemic vascular resistance; IABP intra-aortic balloon pump

1 = increased; | decreased; N = normal; 1| variable

Source: From Bojar (1999), with permission

Table 6.5 Signs of cardiac tamponade

Cessation of mediastinal chest drainage
Low cardiac output

Hypotension

Tachycardia

Raised CVP

Low urine output

Narrowing of pulse pressure

Widening of mediastinum on chest X-ray
Dysrhythmias

Decreased voltage on ECG
Electromechanical dissociation

depolarised with a more positive resting membrane potential. Initially this leads
to the cells being more excitable and again may manifest itself as ventricular
arrhythmias. However, as the extracellular potassium continues to rise, the cell
will not completely repolarise and is therefore unable to depolarise again. The
development of these life-threatening arrhythmias is usually preventable through
attention to post-operative electrolytes, particularly potassium and the prevention
of myocardial ischaemia. Potassium levels should be kept higher than normal in
the immediate post-operative period and serum levels of 4.5-5.0 mmol/I are
usual. Attention to acid-base imbalance, good oxygenation and measures to
balance the myocardial oxygen supply to demand will also reduce the likelihood
of these arrhythmias influencing the post-operative course. Once the arrhythmia
becomes sustained, urgent treatment is required to terminate it.

Life-threatening arrhythmias in the post-operative period, therefore, may
develop for a variety of reasons: drug related, autonomic stimulation, alterations
in filling pressures and metabolic or electrolyte imbalance. Poor left ventricular
function is a risk factor for sudden death in patients who develop ventricular
tachycardia (VT), and regular monitoring and proactive management is therefore
even more important in these patients. This usually necessitates closer observa-
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tion of haemodynamic, respiratory and electrolyte parameters, and will be
facilitated by an ICU bed. Fortunately, sustained ventricular tachycardia or
ventricular fibrillations, although associated with a poor prognosis, are seen
infrequently in the post-operative period (Rho et al. 2000).

Atrial arrhythmias may also impact on the post-operative management of the
patient following cardiac surgery. Atrial fibrillation (AF) is the most commonly
reported, occurring in approximately 30% of patients, with a peak incidence
between 2 and 3 days (Kern 1998). It accounts for significant morbidity and
prolonged hospital stay while contributing significantly to health cost expendi-
ture. Although a common arrhythmia, and often well tolerated (Riley 2002), for
the person following cardiac surgery it may have serious haemodynamic con-
sequences. The loss of atrial contraction may significantly reduce ventricular
filling, resulting in reduced cardiac output and blood pressure.

Various causes for AF have been postulated and there is wide agreement that
these include:

Manipulation of the heart tissue
Cardiopulmonary bypass

The use of cardioplegic solutions
Cross-clamping of the aorta

Hypoxia

Electrolyte disturbance

Hypovolaemia

Sudden increases in left ventricular pressure

It may therefore be assumed that beating heart surgery, avoiding CPB and car-
dioplegia will result in less AF. Early results have supported this, demonstrating
that the incidence of post-operative AF may be as low as 14-21% in patients
undergoing off-pump CABG (coronary artery bypass grafting), compared with an
estimated 30% in on-pump surgery (Maglish et al. 1999; Stamou et al. 2000).

Attempts should be made to terminate the arrhythmia if there is evidence of
haemodynamic compromise. Cardioversion with drug therapy such as amio-
darone is usually attempted and, if unsuccessful, direct current (DC) cardio-
version may be used.

If AF persists beyond 48 hours, the risk of thrombotic emboli is increased and
anticoagulation (unless contra-indicated) should be commenced. Identifying
those at risk of developing AF for prophylactic measures may therefore be suc-
cessful in reducing the development of this common arrhythmia and the pro-
longed hospital stay.

The pre-operative use of beta blockers or anti-arrhythmics such as amiodarone
may be effective in reducing the post-operative incidence of AF and may help to
maintain the ventricular rate, thus reducing the likelihood of a significantly
reduced cardiac output (Rho et al. 2000). However, even with this prophylaxis,
22% of patients following cardiac surgery may develop AF.

Heart blocks or bundle branch blocks are an unusual complication of the post-
operative period, yet when they do occur are frequently associated with myo-
cardial ischaemia. However, during valve surgery, there is an increased risk of a
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temporary disruption to the atrioventricular (AV) node and Bundle of His due to
surgical trauma and oedema. When haemodynamic compromise occurs, or if it is
suspected that the heart block will deteriorate, temporary pacing should be con-
sidered.

Sinus tachycardia is more likely to be a compensatory mechanism for any low
cardiac output, hypovolaemia or be caused by agitation or pain. The first decision
in the management of a sinus tachycardia, therefore, is to try to establish and treat
the cause.

Bradyarrythmias are more commonly encountered following valve replace-
ment or repair, although with the increased use of beta blockers for the person
awaiting revascularisation, they may become more common. The optimal heart
rate for ventricular filling is around 100 bpm and therefore bradyarrythmias
require urgent treatment. Temporary pacing wires are frequently inserted intra-
operatively, when bradyarrythmias are suspected, and these should be used to
increase the heart rate. Alternatively, a bradycardia may be treated pharma-
cologically, for example with intravenous atropine or isoprenaline.

Pacing wires are not routinely inserted, although are more common following
valve surgery or when arrhythmias are suspected. When present, the usual
practice is for the surgeon to have inserted the pacing wire (either one or two) into
the epicardial surface of the right atrium. The end of the wire is then brought out
onto the surface of the chest wall. Additional right ventricular wires are some-
times inserted. These wires remain unattached and the ends should be covered
with tape and secured to the chest wall. When the patient demonstrates signs and
symptoms of haemodynamic compromise caused by a heart block or sinus
bradycardia, the end of the wires should be attached to a temporary pacing box.

Epicardial pacing wires are useful in the immediate post-operative period to
speed up bradyayrrthmias or to treat symptomatic AV conduction disturbances.
However, they will usually become ineffective after about three days. If the
arrhythmias persist, a more permanent system should be considered.

Removal of the epicardial pacing wires should be undertaken with care. They
are a potential source of infection and should be removed as soon as they are no
longer required and certainly before the person leaves the hospital. Using an
aseptic technique, the wires should be gently pulled until they slide out. If any
resistance is felt, it is wise to cut the wire close to the chest wall and so avoid
unnecessary trauma to the heart. When the patient is on anticoagulation, as is
common following valve surgery, an International Normalised Ratio (INR)
should be checked before the pacing wires are removed. If below 2.5, the pacing
wires can be removed. Following the removal of pacing wires the patient should
be monitored to eliminate the development of a cardiac tamponade or any
arrhythmias. This does not mean that they should remain in a hospital bed, but it
is unwise to remove pacing wires on the day of hospital discharge.

Neurological issues

Neurological impairment may occur due to a variety of pre-operative, intra-
operative or post-operative factors. These include: atheromatous tissue detaching
from the ascending aorta or aortic arch during surgical manipulation; athero-
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matous debris; micro-bubbles of gas or fat; fibrin-platelet complexes; low perfu-
sion pressures; arrhythmias; and mural wall thrombi. Susceptibility is increased
in people with diabetes, carotid artery stenosis, pre-operative heart failure or an
enlarged left atrium, and as the trend to operate on the more elderly person
increases, the risk of adverse cerebral outcome is likely to increase.

The incidence of post-operative CVA is variable with some studies suggesting it
may be as high as 5% in patients undergoing revascularisation, 9% in patients over
the age of 75 years and nearly 16% in patients undergoing valvular surgery (Hogue
et al. 1999). However, the risk of cognitive dysfunction is more common and
possibly as high as 80% (Arrowsmith et al. 2000). Symptoms include a loss of
memory or attention and a decrease in the speed of motor and mental responses.
Although these have been frequently described as short term, improving after a few
months, more recent work suggests that this cognitive dysfunction may persist
(Arrowsmith et al. 2000; Newman et al. 2001). It is expected that with an increase in
beating heart surgery and the avoidance of CPB, a consequent reduction in post-
operative neurological dysfunction will be seen (Bhasker Rao et al. 1998).

Neurological complications usually become apparent as the patient awakes
from the anaesthesia and appears confused, restless or has an apparent neuro-
logical deficit. Less commonly, the neurological deficit occurs in the ensuing post-
operative period.

Renal dysfunction

The prevalence of renal dysfunction following cardiac surgery may be as high as
35%, although renal failure requiring dialysis is probably much smaller (2-3%)
(Morris & St Claire 1999). Many of the factors leading to this serious complication
are well known and include low cardiac output, hypovolaemia, CPB and the pre-
operative condition of the patient. Hormonal changes associated with major
surgery may also adversely affect renal function and include the overexpression
of catecholamines, aldosterone, angiotensin and a decrease in nitric oxide secre-
tion (Leme et al. 1998). In the period immediately following cardiac surgery, a
large diuresis should be expected due to intra-operative haemodilution and this
may mask an underlying renal dysfunction.

Close monitoring of urine output alongside maximising cardiac output may
either prevent deteriorating renal function or facilitate its early recognition. When
suspected, the cardiac output and filling pressures should be maintained and a
loop diuretic such as ferosemide administered in the first place. Frequently a low
dose of dopamine (1-2.5 mcg/kg/min) is given intravenously. The renal effects of
a low-dose of dopamine have received recent interest and the debate continues.
Some suggest that the renal effects of dopamine are due to an increase in cardiac
output, whereas others suggest that a low dose has a vasodilatory action upon the
renal vasculature (Leme et al. 1998). Whichever is the true reason, it is clinically
apparent that urine output tends to increase following the institution of a dopa-
mine infusion and this remains current practice.

If renal dysfunction appears several days following cardiac surgery, acute
tubular necrosis is unlikely and alternative causes such as sepsis or a low cardiac
output should be considered.
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Gastrointestinal complications

Gastrointestinal (GI) complications, although uncommon, are found in around
0.2% of patients undergoing cardiac surgery. However, they are associated with
a high mortality of around 25% (Lazar et al. 1995). Several risk factors have been
identified and include advancing age, emergency surgery, post-operative
inotropic support, poor cardiac function, prolonged CPB or post-operative
ischaemia. As the trend towards operating on higher-risk patients continues, GI
disturbances are likely to become more common. Predictive modelling to iden-
tify those at higher risk of developing such complications may therefore be use-
ful. Acid prophylaxis in the post-operative phase may reduce some risk, while
those in higher-risk groups may benefit from gastric pH monitoring. Early oral
feeding may also help eliminate some of the problems related to increased gas-
tric acid secretion and so decrease the incidence of post-operative GI complica-
tions. Astute assessment skills to recognise those at risk, detect symptoms and
initiate early treatment may reduce morbidity, mortality and prolonged hospital
stays.

Occasionally a transient ileus develops following prolonged periods of post-
operative sedation, analgesia or immobility. Characterised by abdominal bloating,
vomiting and absent bowel sounds, a nasogastric tube should be inserted and
suction applied. Rarely do these same symptoms relate to abdominal ischaemia
which, if present, would be accompanied by extreme abdominal pain.

Although it appears to be well established that poor diabetic control increases
the risk of post-operative infections, there has been little clinical research under-
taken and little established advice regarding the control of post-operative glucose
levels. More recently a study assessing the impact of glucose levels within the first
36 hours following cardiac surgery has demonstrated that when blood glucose
levels are higher than 12 mmol/I there is an increase in post-operative compli-
cations (Golden et al. 1999). As insulin secretion is decreased by CPB while the
stress response increases blood glucose levels, it is not unusual to control post-
operative blood glucose with intravenous insulin, even in the non-diabetic
population.

Vascular complications

Deep vein thrombosis (DVT), the formation of a thrombus in one of the deep veins
of the body, more commonly arises in the leg veins, and surgical patients may be
at risk for at least six weeks post-operatively (Scurr 1988). Unfortunately for some,
the presence of a DVT may lead to pulmonary embolism and death. On the
positive side, DVT is frequently preventable through nursing interventions. Using
Virchow’s triad of predisposing factors, including trauma, blood coagulation and
venous stasis, it is apparent that, following cardiac surgery, the patient is at high
risk for the development of DVT. The following may all contribute to increased
risk:

m Trauma: localised trauma and direct vascular damage caused by vein strip-
ping, intravenous cannulation, intravenous fluid or antibiotic administration



Post-operative Care 151

m Blood coagulation factors: dehydration due to pre-operative nil-by-mouth
status, fluid shifts and CPB. Half-heparinisation during off-pump surgery
m Venous stasis: immobility, low cardiac output, decreased venous return

When present, the signs and symptoms of a DVT include abnormal swelling,
warmth, localised pain, pyrexia and colour change of the affected limb but are
often difficult to detect when the saphenous vein has been harvested. It is
therefore important to identify those at high risk of DVT and use appropriate
prophylactic measures. These may include: heparin; pre-operative, intra-
operative and post-operative anti-embolism stockings; and physiotherapy with
early mobilisation. Only in higher-risk groups should longer-term anticoagulation
therapy be considered.

If anti-embolism stockings are to be used they should be carefully fitted with the
correct size. For example, where the thigh circumference is greater than 84 cm,
below-knee stockings should be used. As compression of the leg arteries may
occur it is also necessary to ensure that there is no evidence of peripheral arterial
disease (Coppola 1997). If patients are to be discharged home with these stockings
then they must be shown how to wear them correctly as inaccurate use has been
highlighted as a major area of concern (Peters 1998).

Other vascular complications may occur. Following coronary artery bypass
grafting with the saphenous vein, chronic venous insufficiency may result in an
increased risk of venous leg ulcers. Although this is a long-term complication of
surgery it is worthwhile to suggest the use of venous compression stockings at an
early sign of venous ulcer formation or following a cut, bruise or trauma to the leg.

Specific care issues following thoracic surgery

Following thoracic surgery where a thoracotomy has been performed it is usual
for the trachea to be extubated as soon as the patient is self-ventilating, arterial
blood gases are within normal limits and the level of consciousness is acceptable.
A small subgroup of patients may require a period of mechanical ventilation to
optimise recovery from what is often an extensive surgical procedure. However,
the avoidance of sedatives and mechanical ventilation helps to maintain func-
tional residual capacity and minimises the risk of atelectasis. Once transferred to
the high-dependency unit (HDU) and haemodynamically stable the patient is
nursed sat upright or in a high side lying position. Impaired gas exchange fol-
lowing thoracic surgery due to V/Q mismatch can last for as long as 4-6 weeks in
some. Table 6.6 outlines some of the complications which may arise following
thoracic surgery.

This section initially focuses on pulmonary factors, but additional problems
post-thoracotomy may include:

Phrenic nerve weakness/ paralysis

Recurrent laryngeal nerve damage

Prolonged air leak which can contribute to surgical emphysema

Upper extremity neuromuscular dysfunction due to lateral thoracotomy



Table 6.6 Complications following thoracotomy

Potential Possible changes Causes Possible action Further
problems reading
Hypotension  Fall in BP, tachycardia, Displaced sutures/ Colloid to maintain CVP within defined parameters

JVP | clips Oxygen (FIO; 0.40)

Peripheries cool and pale Overt/covert bleeding Inotropic agent if necessary

Diaphoresis Haemothorax Anti-dysrhythmic agents Amar 1997

Capillary refill >3's Dysrhythmias, e.g. Correct any coagulation problem

Excessive bleeding via atrial Tension pneumothorax necessitates chest tube or large-bore  Gothard &

Deteriorating
pulmonary
status/
respiratory
failure

drains (>150 ml/h over 2—
3 hours)

Possible | haematocrit
Possible disorientation
Urine output <0.5 ml/kg/h
Possible mediastinal shift

Tachypnoea/tachycardia
Poor chest excursion
Vital capacity <15 ml/kg
Tidal volume <5 ml/kg
Using accessory muscles
Falling SpO,

Diminished breath
sounds, wheezes or
crackles

1 CO, — warm extremities
with flapping tremor
Restlessness/
disorientation

Abnormal blood gases

Myocardial ischaemia
Cardiac failure
Bronchopleural fistula
Tension
pneumothorax
Herniation of heart
(pericardial approach)

Atelectasis
Pneumonia
Pneumothorax
Broncho-pleural
fistula

Pulmonary oedema
COPD/asthma
Acute lung injury (ALI)
Acute respiratory
distress syndrome
(ARDS)

Surgical emphysema
affecting airway

needle

Re-exploration in theatre to stem any bleeding

If broncho-pleural fistula then bronchial closure necessary
Correct electrolyte imbalance particularly post-
pneumonectomy

Reposition to reduce distress (perfusion 1 through
dependent lung — keep any diseased lung uppermost —
except pneumonectomy when healthy lung uppermost).
Generally, nurse upright/high side lying to increase FRC
Check integrity of drainage system

Oxygen (FIO, 0.40), intermittent CPAP, check acid-base
status

Maintain PaO, >8.5 kPa, PaCO, <6.5 kPa, SpO;, >92%
Deep breathing/expectoration (provide pain relief)
Mini-tracheostomy

Fluid intake <30 ml/h to avoid over-hydration
Bronchodilators/antibiotics

Sit out on 1st day and gradually mobilise to avoid
complications

Mechanical ventilation needed for refractory hypoxaemia

Kelleher 1999

Kilger et al.
1999
Mahamid
2000

Slinger 1995

Orfanos et al.
1999
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Pain

Infection

Tachycardia, BP1|,
restless

Worsening pulmonary
parameters

Nausea and vomiting

Pyrexia >38°C
Wound inflammation,
pain and discharge
Empyema

Purulent sputum
Inflammation around

insertion of vascular lines

Incisional pain

Chest drains
Consider non-surgical
cause

Frozen shoulder on
affected side

Exogenous and
endogenous factors
responsible

Poor nutrition,
malignancy, elderly,
problems with
microcirculation etc.

Continuous analgesic cover, e.g. epidural with bupivacaine
and fentanyl. Epidural may result in urinary retention
Observe for opiate-induced respiratory depression (early
and late)

Naloxone should be available to reverse opiate

Patient controlled analgesia

Regular pain assessment/evaluation

Complementary strategies

Paravertebral block or patient controlled analgesia

Prophylactic antibiotics given.

A cephalosporin is often given peri-operatively plus
metronidazole in tracheal resection and oesophagectomy
Sputum and wound cultures taken where necessary
Appropriate antimicrobial dependent upon sensitivity
Address patient local and environmental factors which
promote healing

Cheever 1999

Kavangh et al.
1994

Deschamps et
al. 1999

Hunt &
Williams 1997
Gould 2001
Rai & Dexter
2001
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Many patients requiring thoracic surgery have been smokers and inevitably
there will be some effect on mucociliary clearance. In addition, fluid restriction
and anaesthetic agents can also reduce mucociliary function further. A mini-
tracheostomy inserted through the cricothyroid membrane under local anaes-
thetic may be needed where there is poor expectoration with retained secretions.

Reduced compliance with a restricted pattern of breathing is the norm fol-
lowing thoracic surgery and if resection has been performed then the reduction in
lung volume may lead to a fall in effective alveolar ventilation. Ventilatory drive
may not be adequate to maintain PaCO, within normal limits. Hypercapnia may
therefore develop post-operatively and confusion, warm extremities, bounding
pulse and flapping tremor may all be signs of possible carbon dioxide retention.

Following thoracotomy for resection several predictable changes occur in the
intrathoracic cavity where lung tissue has been removed. The remaining healthy
lung tissue expands, there is a mediastinal shift towards the operated side and the
diaphragm on this side becomes elevated. Following pneumonectomy the space
initially fills with blood, fibrin and air, and later with inflammatory exudate. Air
absorption from the space is usually complete at six weeks and the space shrinks.

Air leaks post-operatively can be problematical and following resection are
usually due to air escaping through small damaged bronchioles and alveoli.
Underwater seal drainage is often effective in reducing risk of complications. Air
leaks may persist for several days, however, and additional intervention may be
required. A major complication following thoracic resection, which is becoming
less common, occurs due to the inadequate closure or infection of the bronchial
stump. A bronchopleural fistula results and a persistent air leak with cough,
haemoptysis and fever. This will necessitate surgical re-exploration and repair.

Hypoxaemia is common following thoracotomy and nursing interventions in
the early post-operative phase are aimed at promoting effective pulmonary
function and preventing compromise. As soon as the patient is conscious no time
is lost in commencing physical therapy with frequent position changes, to aid
chest expansion, V/Q relationships and mobilisation of secretions. Following
pneumonectomy some surgeons may prefer the patient to be nursed with the
operated lung in the dependent position to avoid fluid bathing the bronchial
stump with infected secretions and possibly entering the healthy lung.

Haemodynamic status

Hypotension

Hypotension may occur as the patient recovers from the anaesthetic and vaso-
dilation occurs with a fall in peripheral resistance. A colloid is usually given and it
is usual to give an artificial plasma expander if the haemoglobin is satisfactory,
with central venous pressure guiding the volume transfused. Bleeding may be
responsible for hypotension and, although this may be overt loss through chest
drains, the nurse should be vigilant for signs of covert haemorrhage. Where a
drain is not inserted, for example following pneumonectomy, there can be sig-
nificant blood loss into the chest cavity. Blood loss through drains should be
monitored carefully. Loss greater than 2 ml/kg/h over 2-3 hours warrants further
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investigation including chest radiography, haematocrit and clotting screen. In
order to restore blood pressure, vasoactive agents may be needed and the
patient’s urine output measured hourly. With persistent hypotension a pulmon-
ary flotation catheter may be necessary to assess filling pressures and further
surgery may be indicated to stop any bleeding and to evacuate clots.

Cardiac dysrhythmias

Cardiac dysrhythmias are not uncommon following thoracic surgery with 9-33%
of patients affected (Amar 1997), and supraventricular arrhythmias, especially
atrial fibrillation, are the most common. Many factors are likely to contribute to
their development but they occur more frequently in those patients who are older,
have a history of cardiovascular disease or following a pneumonectomy or
oesophageal surgery. Although atrial tachycardia will respond to resolution of the
precipitating factor, other atrial arrhythmias may require pharmacological treat-
ment or cardioversion.

Hydration needs

Following thoracotomy clear fluids are reintroduced several hours following
extubation and on the first post-operative day a light diet, if tolerated. The
patient’s usual oral medication can be recommenced. An intravenous infusion
supplies fluid and electrolytes until such time as fluids are taken freely. For the
first 48 hours following thoracic surgery care must be taken to ensure that the
patient is not fluid overloaded. Altered lung mechanics and the release of
inflammatory mediators following resection can result in excessive fluid in the
interstitial space because of reduced lymphatic drainage. The risk of this occurring
is increased following pneumonectomy and in patients with a history of cardio-
vascular disease. Because of this, total fluid balance is usually manipulated so that
no more than 20ml/kg of fluid is given during the first 24 hours following
surgery.

The patient who has undergone oesophagectomy will probably have thora-
cotomy and laparotomy incisions. Nutritional difficulties pre-operatively may
increase risk for this patient substantially. Because of the anastomosis, care should
be exercised when moving to ensure that there is no sudden traction. A naso-
gastric tube may be inserted following oesophageal surgery and left in position for
up to 48 hours. Fluid intake is recommenced when bowel movement is confirmed.
Confirmation that the oesophagus has healed may be sought by introducing
contrast medium and observing for leaks. On no account should the nurse attempt
manipulation or reinsertion of the tube following resection as this may cause
damage to any anastomoses. Nutritional difficulties may be encountered fol-
lowing oesophageal resections and enteral or parenteral feeding needed. Where
diet is poorly tolerated, time should be taken to educate the patient to ensure that
dietary habits are adopted which facilitate the passage of food, and follow-up will
be necessary to monitor nutritional status.

Thoracic surgery may be needed to treat a variety of disorders although
malignancy is probably the most common. However, the patient’s diagnosis,
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specific surgery performed, possible co-morbidity and pre-operative condition
will all need to be taken into account to plan and deliver appropriate care in the
post-operative period. Following surgery the nurse works closely with the
physiotherapist to ensure that pulmonary function is optimised and that return to
full mobility achieved without undue delay. With encouragement, the patient is
usually able to sit out on the first post-operative day and walk around the bed,
with stair climbing often possible on the third or fourth day. Although a persistent
air leak may necessitate leaving drains in position longer, early mobility is still
important for these patients.

Interventions to optimise pulmonary function following
cardiothoracic surgery

A number of measures may be taken to reduce the risk of pulmonary complica-
tions in the post-operative period. Ongoing observation of the patient’s respira-
tory rate/depth, chest excursion and distress may alert the nurse to developing
problems. An important goal is to increase mobilisation as soon as possible for this
will improve circulation, increase lung volumes and prevent complications. Until
this is possible, however, there is increased risk, and ongoing pulmonary
assessment is crucial. Refer to Fig. 6.2 earlier and note some of the clinical para-
meters to be monitored. Also note how the initial hypoxaemia can develop into
acute ventilatory failure when muscles eventually fatigue.

Pulse oximetry, which measures oxygen saturation, can be a useful tool to
monitor trends in pulmonary status. Each molecule of haemoglobin has four
binding sites to carry four oxygen molecules. With PaO, values within the normal
range, saturation should be almost 100%. Because of the shape of the oxyhaem-
oglobin disassociation curve, even with a PaO, of 8kPa, saturation remains
around 90%, but lower than this and saturations drop dramatically, offering no
safety margin. Therefore there should be concern when saturations fall below 95%
although a lower reading may be acceptable with chronic pulmonary disease. The
proportion of haemoglobin combined with O, depends on PO,, irrespective of the
amount of haemoglobin present, so while it is useful in detecting hypoxaemia due
to poor gaseous exchange it offers little information about oxygen content. So if
the haemoglobin were to fall to a low level such as 7 g/ dl post-operatively, so long
as pulmonary status was satisfactory then saturations would be high - but overall
oxygen content low. For example,

Content = % (Sats) x (1.39 x 7) (plasma O, omitted) = 8.3 ml/dl

Arterial oxygen content should be around 19.5 ml/dl, so in this example the
supply side is low and if demand increases (as it does post-operatively) then
cellular hypoxia can quickly develop.

Once the patient has been transferred to the ward, with pulse oximetry there
should be no need to perform regular arterial blood gas analysis. If there is con-
cern, however, over the patient’s deteriorating pulmonary status and satura-



Post-operative Care 157

tions are falling, then arterial blood should be drawn to determine acid-base
status. A degree of acid-base imbalance is usual following cardiothoracic sur-
gery. Retention of carbon dioxide with an increase in PaCO, resulting in a
respiratory acidosis is often due to hypoventilation where alveolar ventilation is
reduced. Following both cardiac and thoracic surgery ventilatory failure may
develop in the spontaneously breathing patient due to pain, sedation and/or
poor positioning.

The development of acute hypercapnia with respiratory acidosis also results in
hypoxaemia which can be life threatening and oxygen therapy is crucial. This is
very different from chronic hypercapnia which develops in, for example, neuro-
muscular disorders and diseases such as chronic obstructive pulmonary disease.
Patients with such chronic ventilatory failure develop long-term compensatory
mechanisms including elevated bicarbonate levels. A degree of hypoxaemia is
tolerated fairly well in these patients. Respiratory decompensation can occur,
however, where there is infection, oversedation or where a high concentration of
oxygen is delivered. Management will depend on the cause but the PaO, is
usually maintained at around 8 kPa while attempts are made to reduce the PaCO..
Patients with chronic hypercapnia may be considered suitable for surgery but
there is greater risk of peri-operative complications and mortality. Although
mechanical ventilation in chronic ventilatory failure is avoided because of diffi-
culties with weaning, it will become necessary if hypercapnia and acidosis
worsen.

When oxygen delivery is impaired with resulting tissue hypoxia, as in low
cardiac output states, the accumulation of lactic acid (>2mmol/l) as a result of
anaerobic metabolism results in a metabolic acidosis. Oxygen delivery may be
impaired due to a range of factors both pulmonary and circulatory in origin. It is
important to remember that following cardiothoracic surgery oxygen demand
will be increased because of increased metabolism and excessive protein break-
down and the development of a catabolic state will also occur with acidosis (Mitch
et al. 1994).

If acidosis is not corrected then cardiopulmonary status may be compromised
further with decreased cardiac output and arterial blood pressure (Orchard &
Kentish 1990), the development of arrhythmias and decreased hepatic and renal
blood flow. Acidosis will also increase sympathetic arousal although the effects of
catecholamines on the heart and blood vessels will be weakened (Adrogue &
Madias 1998), possibly decreasing the effectiveness of some inotropic drugs.
Where there is an increase in hydrogen ions, particularly in metabolic acidosis,
potassium tends to leave the cells and the resulting hyperkalaemia may have
additional adverse effects on the myocardium.

Respiratory alkalosis caused by mild hypocapnia may be permitted following
cardiac surgery in the early post-operative period. This mild respiratory alkalosis:

m Decreases respiratory drive

m Allows for the increased carbon dioxide production which will occur during
rewarming

m Compensates for possible metabolic acidosis which may have developed
because of difficulties with peripheral perfusion
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However, more severe respiratory and metabolic alkalosis can have a
deleterious effect on cardiopulmonary status.

Oxygen therapy

Supplementary humidified oxygen is usual to correct hypoxaemia for the first 24
hours following extubation in cardiac patients and sometimes for several days
following thoracic surgery. A hypermetabolic state post-operatively increases
oxygen consumption and delivery must keep up with this increased demand. In
cardiac surgery the patient is often cooled, and hypothermia will reduce oxygen
requirement initially but, with shivering during the early recovery process, oxy-
gen requirements can increase by up to 300% (Ralley et al. 1988).

Oxygen therapy may be delivered through either low (variable performance) or
high (fixed performance) flow masks and an FIO; of 0.4-0.6 is prescribed. High
flow systems provide all the inspired gas (around 40 1/min) and the FIO; is not
affected by the patient’s breathing pattern. These devices result in a high stream of
oxygen which entrains room air giving a fixed concentration in the mask reser-
voir. In the post-operative period a high-flow humidified system is used and there
are a number of commercial devices available which, at 10 1/min for example, will
provide 40% oxygen. High-flow fixed-performance masks are particularly useful
for giving a low accurate FIO, in COPD to avoid hypercapnia. In these patients
who have a history of type Il respiratory failure, initial FIO, may be 0.24-0.28 and
the aim is to raise the PaO, slightly without causing an increase in hydrogen ions
(because of hypercapnia). However, in severe hypoxaemia a higher FIO, may be
prescribed.

A low-flow mask, such as a Hudson mask, does not operate on the same
principle and if used with a flow rate of less than 5 I/min can result in significant
rebreathing of exhaled air. However, with a flow rate of between 6-10 1/min a
concentration of up to 60% can be given. Adding a reservoir bag to the mask can
increase this further and the flow rate must be high enough to keep the bag
inflated during inspiration. Nasal cannulae are low-flow devices, but in a less
acute situation may be a convenient way to administer oxygen which need not be
humidified (Table 6.7).

In practice, prescriptions for oxygen are often inappropriate and supervision
poor during administration. The doctor should prescribe the oxygen concentra-
tion to be given, although in an emergency the nurse must be able to use a system
that will effectively reduce hypoxaemia. Oxygen systems should be checked
regularly as disconnection can occur. The response to oxygen therapy post-
operatively needs to be carefully monitored by oximetry and arterial blood gases.
Central cyanosis may be an unreliable sign of tissue hypoxia as it is seen with a
reduced haemoglobin concentration of 1.5 g/dl and is often absent in hypoxaemic
patients with anaemia (Bateman & Leach 1998). Therapy should be continued
until satisfactory saturations are sustained continuously on room air (Gothard &
Kelleher 1999).

Cardiothoracic surgery results in a great deal of discomfort, and good pain
relief is essential as chest discomfort will result in reduced tidal volumes,
hypercapnia and hypoxaemia. If the patient is in pain they may not be able to
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Table 6.7 Oxygen administration devices

Fixed performance Variable performance Humidified system
(High-flow system) (Low-flow system)

Venturi mask Nasal cannulae Large-volume nebulisers
2 |/min 24% 1 I/min 24% 5 |/min 28%

4 |/min 28% 2 |/min 28% 8 |/min 35%

8 I/min 35% 3 I/min 32% 10 I/min 40%

15 I/min 60% 4 I/min 36%

Hudson mask
5-6 |/min 40%
6-5 |/min 50%

Intersurgical mask
2 l/min 28%

8 |/min 35%

10 I/min 40%

cooperate with nursing interventions and physiotherapy and there is a danger
that secretions will be retained.

Physiotherapy

Although physiotherapy following abdominal and thoracic surgery is beneficial
(Fagevik Olsen et al. 1997), its efficacy following cardiac surgery is inconclusive. A
vital capacity of at least 15 ml/kg is needed to facilitate effective post-operative
deep breathing and coughing (Shapiro et al. 1991). “Huff’ coughing against an
open glottis increases flow rates and may promote more effective clearance of
secretions from peripheral airways. However, cough impairment following car-
diac surgery need not necessarily result in clinically significant consequences
where excessive sputum is not a problem (Stiller et al. 1994; Smith & Ellis 2000).
It is the nurse who is present at the bedside all the time and who must remain
vigilant in ensuring that chest and limb exercises are performed; her collaboration
with the physiotherapist is crucial. A balance needs to be achieved, however, to
also ensure that sleep is possible, and coordinating activities of all members of the
team to achieve this objective is important and takes persistence and tact.
Breathing exercises are a key component in the post-operative period and deep
breathing and expectoration is encouraged. In at-risk cardiac patients, interven-
tions shown to be effective in promoting airway clearance include upright posi-
tioning (Dunstan & Riddle 1997), forced expiration technique (Hasani et al. 1994)
and ambulation (Jenkins et al. 1990; Orfanos et al. 1999). The active cycle of
breathing (Fig. 6.3) is a technique which has been shown to be effective and
incorporates breathing control, thoracic expansion and forced expiration tech-
niques (Pryor & Webber 2002). Forced expiratory techniques, however, can
sometimes lead to alveolar collapse with worsening hypoxaemia and there must
be ongoing evaluation, both during and following treatments. The nurse can
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Fig. 6.3 Example of an active cycle of breathing: BC breathing control; TEE thoracic expansion
exercise; FET forced expiration technique. Reprinted from Pryor & Prasad (2002), with
permission from Elsevier Science.

modify technique to meet the needs of individual patients where, for example, by
omitting forced expiration, further pulmonary compromise is avoided.

The use of incentive spirometry following cardiac and thoracic surgery is
controversial. It is a technique which encourages voluntary deep breathing by
using visual feedback (Wait 1996), yet some studies have shown no difference
between incentive spirometry and deep breathing exercises. While there may be
some benefit to be gained in high-risk patients this has not been proven in the
routine use of incentive spirometry following thoracic procedures (Weiner et al.
1997; Gosselink et al. 2000). Where there are excessive secretions and wheeze, a
bronchodilator such as nebulised salbutamol may be useful.

Patients are often aware of the increased respiratory effort needed during the
early post-operative period and may be reluctant to perform physical therapy.
Sedation and pain will add to their reluctance. Continuing reassurance and time
taken to explain all procedures will encourage, motivate and gain the patient’s
cooperation.
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Additional ventilatory support

Some patients may fail to respond to all attempts to increase pulmonary function
and PaO, and SaO, may continue to fall with the possible development of acute
respiratory failure. There are a number of reasons why this may occur, including;:

Worsening atelectasis or lobar collapse

Nosocomial pneumonia

Pulmonary oedema (cardiogenic or non-cardiogenic)
Bronchospasm

Pre-existing pulmonary disease
Pneumothorax/haemothorax

Pulmonary embolism

Hospital-acquired pneumonia is the second most common hospital-acquired
infection (George 1996). It is more common in surgical patients than are wound
infections (Barie 2000) and the risk for patients following cardiothoracic pro-
cedures is particularly high.

Where acute respiratory insufficiency manifests itself, additional respiratory
support may be needed. Previously these patients would have been reintubated
and positive pressure mechanical ventilation established. There are inherent risks
attached to this, however, often resulting in prolonged hospitalisation and
increased mortality. The application of non-invasive ventilatory support using a
mask or similar device avoids the use of a tracheal tube, laryngeal mask or
tracheostomy and is being used increasingly in patients who require ventilation
but in whom intubation is not justified.

Continuous positive airway pressure (CPAP)

CPAP is increasingly used in a number of clinical settings to correct hypoxaemia.
Positive pressure is applied to the airway via mask, mouthpiece, endotracheal or
tracheostomy tube throughout both inspiration and expiration in a spontaneously
breathing patient. Flow generators can deliver 50-80 litres of oxygen and air each
minute achieving a selected oxygen concentration of between 35% and 90%. More
recent non-invasive ventilators may have a CPAP mode, otherwise a high-
pressure oxygen supply is needed for the CPAP generator. It is useful post-
operatively to improve PaO, and saturations by increasing FRC and recruiting
previously collapsed alveoli. This latter effect is similar to positive end expiratory
pressure (PEEP) used in patients who are mechanically ventilated. In addition, the
effects of CPAP in terms of reducing preload and afterload may be beneficial
(Mahamid 2000). Not all patients however are able to tolerate CPAP and swal-
lowing of air can lead to gastric distension with vomiting and aspiration. Careful
monitoring of patient response is important with checks made on respiratory rate
and effort, SpO, and haemodynamic parameters. Because the mask needs to fit
securely, the condition of the skin should also be checked occasionally. Compared
with NIPPV (see below), CPAP in the stable patient does not reduce the work of
breathing to the same degree (Elliot et al. 1994).
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Non-invasive positive-pressure ventilation (NIPPV)

In patients who are hypoxaemic and/or hypercapnic but who are haemo-
dynamically stable, alert and cooperative, NIPPV may be appropriate; it com-
prises the provision of ventilatory support through the upper airway using a mask
or similar device. Conventional ventilation utilises a tracheal tube, laryngeal mask
or tracheostomy which bypasses the upper airways. Studies which have
measured the impact of NIPPV in post-surgical populations are few and samples
are often small. Attempts have been made to compare the effects of NIPPV and
CPAP in patients with acute cardiogenic pulmonary oedema. In one group
(Hoffman & Welte 1999), NIPPV showed an improvement in pulmonary indices
with no adverse haemodynamic effects, although in another (Mehta et al. 1997),
NIPPV was not as effective as CPAP possibly due to increased thoracic pressure,
decreased venous return and reduced myocardial perfusion. Caution may need to
be exercised where NIPPV is used in patients showing haemodynamic instability.

It is sometimes difficult to wean patients from mechanical ventilation following
surgery particularly where there is a history of COPD, and it is here where CPAP
and NIPPV may be useful. NIPPV has been successfully used following CABG
(Gust et al. 1996; Matte et al. 2000) and transplantation (Kilger ef al. 1999). Results
have included shorter duration of mechanical ventilation, reduced need for
reintubation, reduced nosocomial pneumonia, improved arterial PO,, and earlier
discharge. Even following lung resection, where there is a danger of pleural air
leaks due to positive pressure, NIPPV has been shown to improve gaseous
exchange without adverse effects (Aguilo et al. 1997). In applying NIPPV for acute
respiratory failure in the peri-operative setting, careful patient selection and the
skill of the team are important if the need for intubation and associated compli-
cations are to be avoided (Simonds 2001). The duration of NIPPV varies but
treatment is often intermittent allowing treatments to be given and the patient to
eat. In the early phases of treatment, however, the patient should be ventilated for
as many hours as is clinically indicated and can be tolerated (Kramer et al. 1995).

The use of NIPPV is a rapidly developing area reflected in the variety of
ventilators available. Both pressure- and volume-cycled models are available and
various modes of ventilation possible. Bi-level assisted spontaneous breathing
ventilators are often used post-operatively. Inspiratory positive airway pressure
(IPAP) facilitates inspiration and a lower expiratory positive airway pressure
(EPAP) recruits underventilated lung units. Because of the range of ventilators
available, the British Thoracic Society Standards of Care Committee (2002)
recommends that one single model of ventilator be used in any one clinical area
for ease of training and familiarity of staff with the equipment. Bi-level pressure
support ventilators are simpler, cheaper and more flexible than other types
available. Once NIPPV has been established, ongoing observation of the patient
should include assessment of:

Chest wall movement

Coordination of respiratory effort with the ventilator
Accessory muscle recruitment

Heart rate
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Chest drainage

Following cardiothoracic surgical procedures patients will invariably have chest
drains inserted. In open heart surgery, drainage and decompression of the
mediastinum, pericardium and sometimes pleural cavity (if entered) is required,
the primary goals being removal of blood and fluid to prevent cardiac tamponade
(short term) or constrictive pericarditis (long term) and prevention of clinically
significant pleural effusions (Lancey ef al. 2001). Suction of around —20 cm is often
applied to encourage drainage. Chest tubes or drains are also used after minimally
invasive cardiac surgery.

During thoracotomy, as the surgeon enters the thoracic cavity atmospheric air
enters the pleural cavity and the chest wall recoils outwards and the lung tissue
recoils inwards collapsing. A drainage tube inserted in the pleural cavity facili-
tates drainage and re-expansion of the lung on the operated side and apical and
basal drains are often used. Chest tubes with additional holes allow not only
apical removal of air but also basal drainage of fluid. This avoids having to use
two separate apical and basal drains.

Chest tubes are usually attached to a sterile underwater seal chamber (2 cm
below water level), allowing a one-way valve, so that on expiration fluid and air
are removed but on inspiration no air can enter. In pleural chest drainage, this will
restore the subatmospheric pressure in the pleural cavity needed for lung
expansion. The column of water in the drainage system will ‘swing’, rising with
inspiration as intrathoracic pressure becomes more negative and falling with
expiration. This will be reversed if the patient is on a ventilator so that on
inspiration with a positive intrathoracic pressure the column will fall and during
expiration the column will rise. Continuous suction at around —10 to —20 cmH,O
may be applied to facilitate early expansion and reduce bleeding and air leak.
Although a one-drainage-bottle system is often used, two bottles allow air to be
removed from the apical drain and fluid from the basal drain.

In some patients following thoracic surgery a passive pleural drainage system
has been used eliminating the need for connection to wall suction and thus aiding
mobility and even discharge home (Johansson et al. 1998). Such a system is useful
when an air leak persists. A Heimlich valve is a small device allowing air and fluid
to be removed on expiration yet the rubber valve prevents air entering the pleural
cavity.

Clamping of chest drains should be avoided even during the patient’s transfer,
as this can be dangerous if an air leak is present. Air will rapidly accumulate in the
pleural cavity and result in a tension pneumothorax. Drainage following thoracic
surgery results in intermittent bubbling of water in the drainage bottle. Con-
tinuous bubbling in a patient self-ventilating denotes an air leak and this is also
common following surgery. Checking the system and determining whether any
air leak is a new or worsening problem should be initial steps.
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Following a pneumonectomy the surgeon may choose not to use chest drainage,
and air is aspirated from the pneumonectomy space at the end of surgery. This
prevents the mediastinum moving away from the operated side which would
otherwise compress the heart and healthy lung, seriously compromising pul-
monary and haemodynamic status. If a chest drain is inserted then this should be
unclamped for one minute each hour to avoid mediastinal shift; suction should
never be applied.

The presence of chest drains adds to the patient’s discomfort in the early post-
operative period often resulting in severe deep, visceral pain as well as the dis-
comfort caused by the incision. This will further restrict mobility, and efforts must
be made to limit the discomfort experienced by the patient. Unfortunately there is
a lack of data regarding appropriate interventions in this area. Some studies
suggest that even where patient-controlled analgesia is used, patients still
experience significant pain (Owen & Gould 1997; Fox ef al. 1999). Furthermore it
appears that pre-operative information regarding chest drainage is lacking and
that this may result in reduced effectiveness of analgesic regimens. More inter-
vention studies are needed to determine the most appropriate protocols regarding
patient preparation for chest drain and effective use of pain control regimens.

The major focus of research into chest drains has been on suction and the ritual
of milking/stripping, although there has been limited research in other areas
(Gordon et al. 1995). There is scant evidence regarding the benefit of one drainage
system over another and practice is based on local policy, often anecdotal and
sometimes contradictory.

The drainage system should be secured so that this does not pull and cause
discomfort and as much of the system as possible should be visible so that fre-
quent checks can be made without disturbing the patient. Excessive loops in the
tubing should be avoided as this will also affect drainage. Tape can be used to
secure connections but it would seem sensible to use this in such a way that the
join can still be seen. There is no agreement on the type of dressing to use at the
insertion site, with many units preferring an occlusive dressing left in place unless
soiled. Drainage is recorded regularly and if excessive (>100 ml/h) reported to the
medical staff. It is suggested that drainage bottles are changed only when
necessary to avoid breaking the circuit and increasing the infection risk. However,
as bottles fill with fluid the resistance to drainage increases (Munnell 1997). When
a change is necessary, suction should be stopped, the chest drain double-clamped
close to the insertion site and the new bottle connected as speedily as possible.

Stripping and milking

Stripping and milking of drainage tubes remains controversial, with one small
study (Lim-Levy et al. 1986) showing no difference in total drainage and a larger
study (Pierce et al. 1991) showing significant increase when compared with a
control. This technique is not required for apical drains following thoracic surgery
which are only removing air. If milking/stripping is required for basal pleural
drains, or mediastinal and pericardial drains following cardiac surgery then this
should be done gently using only a short section of tube at a time. Stripping the
entire length of tube in one manoeuvre can generate pressures of up to
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—400cmH,0O (Duncan et al. 1987). Of the few studies comparing stripping to
milking most report no significant difference in outcome (Isaacson et al. (1986) n =
204; Pierce et al. (1991) n = 200).

Removal of drains

Drains are removed when drainage is minimal after cardiac surgery or when
drainage is minimal (<10-20 ml/h), the lung expanded and any air leak has
stopped after thoracic surgery. Before removal the surgeon may request that the
tube be clamped for a period to check that lung inflation is complete. Analgesia
protocols for drain removal vary widely. In a retrospective audit of chest drain
practice in a specialist cardiothoracic centre, 56 different combinations of
analgesia were reported by nurses (n = 266) and 22 by doctors (n = 35), with 10
nurses and 4 doctors giving no analgesia prior to removal (Parkin 2002).
Undoubtedly, removal of chest drains is extremely painful and following careful
assessment of each individual patient an appropriate analgesic should be
administered, although evidence regarding choice is inconclusive.

Removal of a chest drain is usually performed with the patient performing a
Valsalva manoeuvre at the end of either inspiration or expiration (Bell ef al. 2001).
The former is often preferred as it is felt that this minimises the risk of air entering
the pleura. Close observation of the patient is necessary during and following the
procedure as a Valsalva manoeuvre can result in some haemodynamic dis-
turbance. The purse string suture inserted at the time of the drain is secured on its
removal and an occlusive dressing usually applied.

Fluid and electrolyte changes following cardiothoracic
surgery

In the immediate post-operative period there is often dramatic movement of both
fluid and electrolytes across the various fluid compartments particularly follow-
ing cardiac surgery with cardiopulmonary bypass. Ensuring that fluid and
electrolyte balance is maintained will assist in optimising cardiac and pulmonary
function. If prescribed fluid replacement is not carefully administered and accu-
rately documented then severe fluid and electrolyte disturbance can occur, with
fluid overload and possible oedema (Edwards 2001).

Following cardiac surgery a urinary catheter will be inserted to assist in the
monitoring of fluid balance. Hourly urine measurement is important ensuring
that all urine is emptied from the drainage tube before each measurement is
taken and recorded. Fluid weight gain is to be expected following cardio-
pulmonary bypass and an osmotic diuresis is usual, although any developing
oliguric trend (<0.5ml/kg/h) should be reported to the medical staff. Not all
patients following thoracic surgery will have a urinary catheter. However, if an
epidural has been inserted for pain relief then urinary retention may develop,
particularly in patients with prostatism, and catheterisation will therefore be
needed. Once the epidural has been removed, then so also is the urinary
catheter.
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Fluid balance in the healthy individual

An understanding of normal fluid balance and the possible changes that can occur
as a result of cardiothoracic surgery will assist the nurse in being proactive in both
preventing and detecting possible fluid and electrolyte problems post-operatively.

Total body water makes up approximately 60% of body weight in men and 50%
on average in women (Fig. 6.4). In a 70kg adult male the total body water is 42
litres and this is distributed as follows:

m Intracellular compartment 28 litres
m Extracellular compartment 14 litres

Extracellular space (approx. 14 litres)

A
\/

Intracellular space “| Interstitial space ~| Intravascular space
28 litres < 10.5 litres 3.5 litres

A

Fig. 6.4 Fluid compartments — total body water approx. 42 litres.

Most of the water, almost two-thirds, is found inside the cells of the body. The
above extracellular fluid compartment can be further divided into intravascular
(3.5 litres) and interstitial (10.5 litres) compartments (Gabrielli & Layon 1995). The
interstitial fluid bathes the cells and any excess fluid is removed by the lymphatic
system and returned to the circulation. Body composition changes significantly
with advancing age and the percentage of water decreases (Bailes 2000).

The constant movement of fluid across these three compartments enables many
different substances to be exchanged between the external environment and the
internal milieu ensuring homeostatic balance. Despite huge variations in the
extracellular compartment the intracellular compartment is able to remain rela-
tively stable. Starling’s forces govern the movement of fluid between the intra-
vascular and interstitial compartments:

m Hydrostatic pressure in the capillaries

m Hydrostatic pressure in the interstitial space

m Oncotic pressure in the capillaries

m Oncotic pressure in the interstitial space

The hydrostatic pressure gradient between the capillaries and the interstitial
fluid pushes fluid out of the intravascular space and into the interstitium. Pro-
teins, such as albumin, in the capillary blood plasma and in the interstitium
provide an osmotic pressure gradient exerting an osmotic pressure, which is
also called oncotic pressure. Lymphatic drainage results in a hydrostatic pres-
sure in the interstitium which prevents excessive accumulation of fluid. In low-
albumin situations and increased capillary hydrostatic pressure, fluid can accu-
mulate in the interstitium. This can lead to the development of oedema and
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increased transcellular water in, for example, the pleural, pericardial and peri-
toneal cavities.

With outward force from the capillaries usually being slightly greater than the
inward force, it is probable that there is a small lymph flow of around 20ml/h
from the pulmonary interstitial space under normal conditions (West 2000). If
interstitial fluid volume increases then there is a danger of the alveolar mem-
branes rupturing causing alveolar oedema. One of the most common causes of
pulmonary oedema which cardiothoracic nurses encounter is cardiogenic in ori-
gin where, due to left ventricular failure there is a rise in left ventricular end
diastolic pressure, which is transmitted back to the pulmonary veins (giving an
elevated pulmonary capillary wedge pressure, PCWP). This results in an
increased capillary hydrostatic pressure with an increase in outward pressure.

Conversely, pulmonary oedema may be non-cardiogenic where the alveolar
capillary membrane becomes more permeable, as in acute lung injury because of
extracorporeal circulation. Another cause of non-cardiac pulmonary oedema is
where there is a decrease in plasma oncotic pressure favouring fluid movement
out of the capillaries, as in some renal disorders where there is proteinuria. Figure
6.5 outlines the factors leading to accumulation of fluid in the interstitium
resulting in alveolar flooding.

Several abnormal states therefore may promote excessive accumulation of fluid
in the pulmonary interstitium.

The exchange of fluid between the intracellular and extracellular compartment
is also influenced by the osmolarity, which is the number of dissolved particles
per litre of solvent, e.g. water, and is expressed as milliosmoles (mOsm).

Alveoli

Capillary

Pulmonary interstitium

1
Hypoalbuminaemia with
decreased oncotic pressure

R ———

2
High hydrostatic pressure:
increased LVEDP

_—

3

Damage to capillary wall
increasing permeability
(albumin leakage into
interstitium: —_—
sepsis

cardiothoracic surgery)

Increase in albumin
therefore oncotic pressure

R ———

Increase in hydrostatic
pressure

_—

Excessive fluid in
interstitium
B ———

(Lymphatic drainage
overwhelmed)

Fig. 6.5 Factors leading to interstitial oedema.

Reduced surfactant results in
1 surface tension
'‘pulling' water into alveoli

Pulmonary oedema
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Osmolality is the term used when referring to dissolved particles per kilogram of
solvent. The value gives an indication of the degree of concentration or dilution of
a solvent and, depending on this, water will move across body-fluid compart-
ments by osmosis. In health, the osmolarity of intracellular and extracellular fluid
is the same and is around 285 mOsm/1.

The plasma osmolarity is determined by three main solutes - sodium, glucose
and urea - but because sodium is the major determinant of plasma osmolarity,
doubling the serum sodium value gives a quick approximation. Although water
may pass through the semipermeable membranes of the different compartments
these solutes usually do not. In a hyper-osmolar state (increased solutes in
plasma), water will leave the cells resulting in the cells shrinking; in a hypo-
osmolar state the opposite will occur, with water entering the cells (Toto 1998).

The primary electrolytes found in the cell are potassium and phosphate, and in
the extracellular compartment sodium and chloride. Although sodium moves
between the intravascular and interstitial spaces it does not move quite so freely
into the cells. When the serum sodium concentration is low, water moves from the
extracellular into the intracellular compartment. Sodium, potassium, glucose and
urea are important solutes in plasma which are excreted by the kidneys to
maintain acceptable levels across the fluid compartments. In health, the absolute
minimum urine output needed to cope with excretion of these solutes is 0.5ml/
kg/h. However, in the critically ill there is often impaired ability of the kidneys to
concentrate urine, together with sodium and water retention. Not only is the
hourly volume of urine important in assessment, but also the adequacy of urine
flow in terms of the amount of solute to be excreted (Gosling 1999). Furthermore,
giving too much sodium in replacement fluids post-operatively may result in
severe overload.

A number of physiological mechanisms exist to regulate normal electrolyte and
fluid balance. The renal system is important in regulating fluid balance and works
in concert with the neuroendocrine system to achieve this. If the glomerular fil-
tration pressure in the kidney is low, as in hypotension, then sodium and water
reabsorption is increased. The renin-angiotensin-aldosterone mechanism is
important in this respect. Both renin and aldosterone are increased following
cardiothoracic surgery and these effects can further compromise haemodynamic
status.

The antidiuretic hormone (ADH) synthesised in the hypothalamus and stored
in the posterior pituitary is released in response to hypovolaemia and increased
serum osmolality (e.g. increased sodium). The effect of ADH is to cause water
reabsorption, but without sodium and following surgery dilutional hypo-
natraemia is quite common with low serum osmolality and high urine osmolality.

Post-operative observations

Simple observations such as dry skin and tongue may be indicative of fluid
depletion but are quite crude estimates. Diuresis should be observed and this is
considered adequate at 0.5 ml/kg/h. Observation of haemodynamic parameters
may also alert the team to depletion in intravascular volume, and heart rate, blood
pressure, urine output, central venous pressure and pulmonary artery wedge
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pressure are all useful in monitoring intravascular volume. Generally, a patient
with warm skin and good capillary refill has an adequate circulating volume but
in some conditions, such as sepsis, blood flow is redistributed to the peripheries at
the expense of other vital areas. It is important to remember that inotropic support
drugs, by causing vasoconstriction, may suggest haemodynamic stability even
though intravascular fluid may be inadequate.

Observing trends in electrolytes is important, as disruption is inevitable due to
the effects of surgery. Evaluation of fluid status should be ongoing and involve
repeated clinical assessment of sensible and insensible losses (water loss through
lung and skin). Insensible loss through the lungs and skin is normally around 600~
1200 ml/day but this may be greatly increased because of patient and ambient
temperature, humidity, catabolism and high minute volumes. Fluid loss may be
underestimated in the high dependency/critical care environment and therefore
ongoing observation and recording of losses is crucial.

Post-operatively, patients are in a hypermetabolic, catabolic state and there is
often redistribution of fluid and electrolytes from the extravascular space to the
“third space” which includes interstitial, body cavities and intracellular spaces.
This is usually increased following cardiac surgery because of an increase in
capillary permeability promoting fluid shifts to the third space. Intra-operatively,
despite the surgical stress response, blood volume may be maintained by vaso-
constriction and neurohormonal factors, but dehydration, hypovolaemia, circu-
latory collapse and sepsis can result in huge fluid changes particularly to the
interstitial space. In the post-surgical patient, however, any compensatory action
to maintain volume may be less effective because renal function is depressed as a
result of anaesthetic agents, hypotension and opioids. Spinal and epidural
anaesthetics as well as positive-pressure ventilation can all decrease renal blood
flow (Gabrielli & Layon 1995).

Interventions to maintain fluid balance post-operatively are therefore aimed at
meeting the increased fluid requirements due to fluid movement to the interstitial
space.

Fluid replacement

Despite activation of neurohormonal mechanisms following surgery potentially
increasing fluid in the interstitium, maintenance of intravascular volume is
essential in ensuring adequate preload, left ventricular diastolic volume and
therefore optimising stroke volume and renal perfusion. An inadequate intra-
vascular volume is associated with hypotension, decreased oxygen delivery to
the peripheral tissues and hypoperfusion of essential organs (Kavanagh et al.
1995).

The type of fluid selected depends on what needs to be replaced, for
example:

Red cells to increase oxygen delivery
Coagulation factors to reduce risk of bleeding
Volume to increase the intravascular space
Volume to fill the interstitial space
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There is still some controversy remaining regarding the most appropriate fluid to
use post-operatively and a recent Cochrane Study (Alderson et al. 2003) has
compared the effectiveness of colloids and crystalloids in different patient groups.

Crystalloids

Fluids administered usually have the same electrolyte concentration that matches
the interstitial fluid (isotonic). Crystalloids are solutions containing electrolytes
with a large percentage of water and, because they are isotonic, approximately
75% of the infused volume moves into the extravascular space with half the
volume lost within a short time following administration. Crystalloids that con-
tain sodium are the most commonly used replacement fluids to manage post-
operative fluid shifts and include normal saline 0.9% which is isotonic and,
although containing slightly more sodium than extracellular fluid, does not
usually affect tonicity. These fluids rapidly restore the fluid lost from the inter-
stitial space.

Too great a sodium load, however, can increase serum osmolality and through
osmosis draw water from the cells, resulting in intracellular dehydration. For this
reason, 5% dextrose is often alternated in fluid regimens (Rooney 1995). Many
exercise caution when using dextrose solutions in the absence of diseases influ-
encing glucose metabolism, as these preparations do not contain electrolytes and
can result in either increased water with dilutional hyponatraemia, or hyper-
glycaemic hyperosmolarity (Rosenthal 1999). The latter can result in osmotic
diuresis and cerebral acidosis. Similarly, hypotonic fluids used to replace the loss
of isotonic fluids can quickly result in cerebral oedema and convulsions.

To avoid excessive sodium loads, normal saline is often alternated with a
solution such as lactated Ringers or Hartmanns which provide a balanced salt
solution. These solutions, however, contain potassium, and careful monitoring of
serum potassium is important particularly in patients with renal impairment.

Fluid replacement must be administered cautiously. Following general surgery a
maintenance fluid administration of approximately 1-2 ml/kg/h post-operatively
meets insensible fluid losses and minimal obligatory urinary losses and it is
suggested that it is more detrimental to under- than to over-resuscitate with fluids.
However, following thoracic surgery involving resection, it is usual to administer
no more than 20-30 ml/kg of fluid in the first 24 hours, and in cardiac surgery
40ml/kg, with prescribed fluid totals including any losses during the intra-
operative period. Following pneumonectomy, pulmonary oedema may develop
during the early post-operative period with signs of respiratory distress, and the
nurse should be alert to this possibility. Where cardiopulmonary bypass has been
used, the peripheral vasodilation that occurs during rewarming may necessitate
the administration of additional fluids to maintain an adequate cardiac output.

Colloids

In theory, where there is low intravascular colloid oncotic pressure, the
administration of either synthetic agents such as the gelatins, starches and glucose
polymers or natural agents such as albumin, plasma protein fraction or fresh
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frozen plasma can be raised. These agents are given because of their ability to stay
in the intravascular compartment for much longer and to facilitate the movement
of water back into the intravascular compartment. Colloids, however, do not
increase oxygen-carrying capacity nor do they supply clotting factors and because
of increased intravascular volume can worsen heart failure. Following surgery,
particularly cardiac, endothelial dysfunction due to the systemic inflammatory
response may result in increased colloid loss from the vascular compartment.
Colloid administration is preferred by some because it is felt that the use of
crystalloids would lower the colloid osmotic pressure and increase the risk of
pulmonary oedema.

Colloids are more expensive but effective in increasing intravascular volume
initially in acute situations:

Albumin 5% (isotonic) or 20% (hypertonic) - adverse reactions reported
Gelatins

Colloid starch suspensions - hetastarch and hexastarch

Dextrans - large glucose polymers (possible anaphylaxis)

Albumin given to patients who have hypoalbuminaemia has been shown to
have a number of adverse effects, including end organ function, coagulation, renal
and pulmonary function with increased mortality. For this reason, albumin is not
recommended for correcting low serum albumin. In the critically ill where there
may be leaky capillary endothelial cells, colloid may leak out of the vascular
compartment and lead to the development of oedema and hypotension by
accumulating in the interstitial space. The resulting peripheral and pulmonary
oedema will increase hypoxaemia and decrease oxygen delivery to the tissues. In
some patients the administration of colloids may lead to an allergic reaction.

There is a trend towards using crystalloids for fluid management post-
operatively rather than colloids, and while some studies have identified benefits
(Velanovich, 1989; Schierhout & Roberts, 1998; Alderson et al. 2003) others have
not. Although crystalloids reduce oncotic pressure, the reduction in blood vis-
cosity may improve urine output with sodium and potassium excretion and also
peripheral flow through the microvasculature, improving tissue perfusion.

The use of colloids in some patients has led to greater improvement in
haemodynamic variables compared with the use of crystalloids, with increased
cardiac index, colloid osmotic pressure, DO, and VO, (Hauser et al. 1980; Appel &
Shoemaker 1981). In some cardiac units the use of colloid for hypovolaemia in the
immediate post-operative period may be preferred because of the lower volumes
needed and the lower sodium load. Because water and sodium loads increase
following surgery owing to neurohormonal compensatory mechanisms, the use of
crystalloids is viewed by some as reducing the intravascular oncotic pressure thus
further promoting greater fluid shifts to the interstitial space.

Fluid challenge

A fluid challenge involves the administration of small volume (200 ml) of fluid
with the aim of restoring circulating volume in hypotensive states while noting
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carefully the haemodynamic response to each challenge. Ideally the patient’s
filling pressures and stroke volume are optimised with an improvement in
haemodynamic parameters and renal perfusion. Colloids such as the gelatins and
starches are occasionally used following cardiothoracic surgery as they have been
shown to result in a reliable increase in plasma volume. A fluid challenge may
avoid further use of inotropes, the effects of which can be unpredictable because
of different o- and P-receptor activity often with tachycardia and increased
myocardial oxygen demand.

Electrolytes

A number of changes can take place in the electrolyte balance and this disturbance
may seriously compromise the patient, affecting both cardiac and pulmonary
function. Fluid replacement therapy should not be considered in isolation from
electrolyte balance. Clinical assessment should alert the nurse, often the first to see
laboratory data, to the development of electrolyte problems. Results should be
carefully evaluated, and possible symptomatic effects noted. Medical staff should
then be notified so that appropriate action can be taken to restore equilibrium.
Table 6.8 gives examples of electrolytes which can affect cardiac and pulmonary
function.

Pain control following cardiothoracic surgery

Nurses have a pivotal role to play in the relief of pain post-operatively and failure
to relieve pain increases risk of post-operative complications and further con-
tributes to the surgical stress response. Traditional surgical approaches in
cardiothoracic surgery involve posterolateral incisions and sternotomy of the
thorax. Most would agree that these are among the most painful surgical inter-
ventions (Kavangh et al. 1994) particularly thoracic surgical incisions. Severe pain
following thoracotomy leads to shallow breathing, impaired ability to cough and
changes in respiratory mechanics (Conacher 1990). It results in splinting of the
chest during inspiration with diminished tidal volumes, functional residual
capacity, possibly leading to atelectasis with profound arterial hypoxaemia
(Puntillo & Weiss 1994; Brooks-Brunn 1995).

Prevention of post-operative pulmonary complications is one of the major goals
therefore of post-operative analgesia. Post-thoracotomy patients experience a
drop in both FVC and FEV; to 25% of pre-operative values on the first post-
operative day. Overall, reduction in functional residual capacity is the most
important mechanical abnormality affecting pulmonary complications (Craig
1981). This leads to atelectasis because the FRC falls below closing volume (the
lung volume at which small airways closure occurs), which causes arterial
hypoxaemia. Stasis of secretions also occurs which leads to greater potential for
pulmonary infections.

Early control of pain can shape its subsequent evolution, and for many patients
this can improve clinical outcome following surgery. Decreasing pain results in
greater physical mobility, improved pulmonary function, greater patient satis-
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faction and reduced periods of hospitalisation following surgery (O’Brien 1995). If
the nurse is to gain the patient’s full cooperation in performing activities to reduce
pulmonary complications it is crucial that effective pain control is achieved. Yet
poor pain relief remains a problem, with one study (n = 110) showing a high
incidence of pain following thoracotomy up to 12 months following surgery
(Perttunen et al. 1999).

Pain is a complex, multi-dimensional phenomenon and it is important to
remember that although tissue injury may be a major cause, other factors such as
cultural conditioning, expectations, social contingencies, mood state and per-
ceptions of control may also contribute to the experience of pain (Turk & Okifuji
1999). It is a unique experience and differences in individual patients and in the
intensity, quality and meaning of pain will result in major differences regarding
the manner in which these initial processes unfold.

Physiology of pain
There are three main theories which help to explain the physiology of pain:

m The specificity theory
m The pattern theory
m The gate control theory

The specificity theory supports the transmission of impulses along sensory fibres
to a pain centre in the brain earlier thought to be the thalamus. It is now
acknowledged that the thalamus simply acts as a sensory relay station and that
many different areas of the brain contribute to the total pain experience. The
pattern theory supports the generation of pain impulses in a circuital arrangement
in the dorsal horn of grey matter at spinal cord level. It is the gate control theory
(Melzack & Wall 1965) which has had perhaps the greatest impact on the
development of pain relieving strategies in clinical practice. The focus of this
theory is on the transmission of pain impulses from peripheral nociceptors
through a gating mechanism in the dorsal horn and modulation of this mech-
anism via descending inhibitory pathways from the brain.

Pain is initiated by the stimulation of peripheral nociceptors which generate
pain impulses which are transmitted along sensory nerves to the central nervous
system to be processed in the brain. Chemical, physical and thermal energy
activates nociceptors generating action potentials along the sensory pathway. Pain
impulses are transmitted along small-diameter A-delta fibres (acute pain) which
are myelinated and C-fibres (chronic pain) which are non-myelinated. A-delta
and C-fibres result in the release of substance P in the dorsal horn and trans-
mission along larger, myelinated A-beta fibres (transmitting touch impulses)
closes the gate to further nociceptive signals. Descending inhibitory tracts also
stimulate receptor sites in the dorsal horn to release enkephalins. Opioid receptors
exist throughout the central nervous system but large numbers are found in the
dorsal horn of the spinal cord and the periaqueductal grey area. Natural ligands
for opioid receptors in the body include enkephalins, endorphins and dynor-
phins. The effects of these opioids are antagonised by naloxone.



Table 6.8 Examples of electrolytes monitored in the post-operative period

Electrolyte Decreased values Effects Increased values Effects Management
Potassium <3.5 mmol/I Wide PR interval >5.5 mmol/l Depressed cardiac Hypokalaemia:
3.5-5.5 mmol/l <2.5mmol/l (severe) Prominent U wave . membrane potential Oral K supplements or
latrogenic
Stress T waves flat Cardioplegic solutions Peaked T waves IV KCI
. Dysrhythmias plesic s Wide PR interval 20-40 mmol/! of fluid
Hypothermia . Acute renal failure .
. Fatigue S Wide QRS complex (no more than
Reduced intake Metabolic acidosis .
A Muscle weakness (legs) . Paraesthesia 20 mmol/h). Check
Diuretic therapy Diabetes . .
. . + . Muscle weakness local policy regarding
Rapid correction of K*-sparing drugs .
) Muscle cramps peripheral or central
hyperglycaemia . . . S
Respiratory failure vein administration
Adrenal hyper-
. Check phosphate and
reactivity .
magnesium levels
Hyperkalaemia:
10% CaCl IV
Glucose/insulin
infusion
Sodium <135 mmol/l >145 mmol/l Thirst Hyponatraemia:
135-145 mmol/I Agitation 0.9% NaCl and

ECF volume low, e.g. excessive diuretics, skin/Gl
loss, glucocorticoid deficiency

ECF volume normal, e.g. hypokalaemia, drugs,
hypothyroidism and hypopituitarism, syndrome
of inappropriate ADH secretion (SIADH)

ECF volume high, e.g. renal failure, nephrotic
syndrome, congestive cardiac failure, cirrhosis,
psychogenic causes

Signs include dizziness, confusion, weakness
and haemodynamic problems

Increased intake
Dehydration from:
fever
osmotic diuretics
diabetes insipidus
diabetes mellitus

Dry oral mucosa
Dry, furred tongue
Poor skin turgor

diuretics for any
overload

Hypernatraemia:
Dextrose 5% IV

VL1

9 Ja3dvyH



Magnesium
1.4-2.2 mmol/l

Phosphorus
0.84-1.45 mmol/|

<1.4 mmol/l
Inadequate intake
Diuretic therapy post-
operatively

<0.84 mmol/!

Poor dietary intake
Post-operative stress
Catecholamine
induced

Increased renal loss in
COPD when
theophyllines
prescribed

Atrial and ventricular
dysrhythmias

Wide QRS complex
Peaked T wave

ST depression
Coronary spasm
Delirium/convulsions
Muscle weakness

Lethargy

Muscle weakness/
tremor

Cardiac dysrhythmias
Decreased diaphragm
contraction

>2.4 mmol/l
Excessive
administration
Renal failure

>1.45 mmol/l

CNS depression with
altered mental state
Cardiac toxicity
Prolonged PR interval
Nausea and diarrhoea
Appetite loss

Muscle weakness

Hypomagnesaemia:
Magnesium sulphate
2gin 100 ml

Hypophosphataemia:

Intravenous
replacement with
either sodium or
potassium

ECF extracellular fluid
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Transmission of pain impulses through the dorsal horn can be inhibited
therefore by closing the gate, as in:

m Stimulation of the large-diameter A-beta fibres

m Stimulation of opioid receptors

m Stimulation of descending inhibitory impulses (also stimulating opioid
receptors)

There is increasing evidence supporting a ‘wind-up’ process which occurs
following initial nociceptive activity and this intense central nociceptive activity
can result in electrophysiological and morphological changes in the dorsal horn
(Wall & Woolf 1986) resulting in remodelling (plasticity) within the spinal cord
and precipitating long-term chronic pain syndromes. Such pain offers no bio-
logical advantage and causes a great deal of suffering and distress. This mala-
daptive pain resulting from damage to the sensory nerve pathway of the nervous
system is known as neuropathic pain and may last longer than six months
(Merskey & Bogduk 1994). Even brief intervals of acute pain can induce this long-
term neuronal remodelling (Carr & Goudas 1999) and the biological and
psychological foundation for long-term persistent pain is in place within hours of
injury (Niv & Devor 1998).

Pain as a stressor

Surgical pain is a major stressor and will evoke not only local but general
responses also. A hypermetabolic state is initiated and there is an increase in
substrate mobilisation and in the rate of biochemical reactions. This is referred to
as the stress response, and while adaptive it can also impair recovery through
activation of the endocrine, immune and inflammatory pathways.

Pain following surgery can result in adverse physiological responses including
the microcirculation which can further compromise oxygen delivery during the
post-operative period. The limbic system, as a result of anxiety and fear, com-
municates with the hypothalamus, driving the classic pituitary-adrenal and
sympathomedullary stress responses with increased levels of cortisol and
catecholamines resulting in a hypermetabolic state. This response will (Kehlet
1989):

Increase serum fibrinogen therefore viscosity
Increase blood glucose and fatty acids

Increase ADH

Impair the immune response and wound healing

As well as the above global stress response, massive tissue injury inflicted
during surgery also generates high circulating concentrations of cytokines
(interleukins, interferon and TNF) released by phagocytic cells and cells of the
immune system which also have an important role in the inflammatory process.
Interleukins such as IL-1 and IL-6 bypass the brain and act directly on the pituitary
to stimulate corticotrophin and vasopressin secretion. This response can pro-
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foundly affect the cardiovascular system, with increases in catecholamines and
vasopressin causing increased peripheral vascular resistance and blood pressure
with increased afterload, stroke volume and cardiac output (Bernauer & Yeager
1993). The resting increased myocardial oxygen demand may further compromise
the cardiac patient and additional effects of the stress response may include
impaired wound healing, deep vein thrombosis, pulmonary embolism and sepsis.

Pain assessment

An important component of any pain relief strategy is the explanation given to the
patient and this should commence before surgery. Patients are concerned, if not
fearful, about the pain they will experience. Time must be taken to explore these
fears and to reassure the patient that although they will feel discomfort there is
much that can be done to relieve their pain. As early as 1964, Egbert and col-
leagues demonstrated that pre-operative discussion with patients about the sur-
gical procedures and associated discomfort halved the requirement for post-
operative analgesia and reduced time to discharge. Nursing studies further
endorse that information giving before surgery contributes to better pain relief
and results in fewer complications (Hayward 1975; Boore 1978). Indeed, a number
of studies have now been carried out which identify the benefits of cognitive and
behavioural interventions pre-operatively, including decreased anxiety before
and after surgery, reduced post-operative pain intensity and intake of analgesic
drugs, improved treatment compliance, cardiovascular and respiratory indices,
and accelerated recovery (Kiecolt-Glaser ef al. 1998).

A number of pain assessment tools are available and whenever possible these
should be introduced before surgery. Pain control involves far more than the
administration of analgesics and previous experiences of pain and successful
personal coping strategies should be documented.

Visual scales can help patients to communicate their pain level and are parti-
cularly useful during the acute phase when they are unable to speak. These
involve descriptive scales ranging from no pain to worst possible pain, numerical
scales from 0 to 10, and a 10 cm visual analogue scale ranging from no pain to
worst possible pain. Scales are available for patients with language difficulties
(Whaley & Wong, 1989). These scales only measure the sensory component
although pain also has affective and cognitive aspects. For useful information on
other nursing-related pain issues in cardiothoracic settings, see Hiscock (1998).

As pain transmission involves transduction, transmission, modulation and
perception, any pain control strategy should involve recognition of these resulting
in ‘balanced analgesia’ (Boysen & Blau 1995). This is useful when considering pain
relief (Fig. 6.6).

With regard to surgical pain, transduction is the process whereby physical and
chemical energy generates electrical action potentials at the site of peripheral
nociceptors. Multiple interacting mediators and receptors allow for sensory
integration and modulation of nociceptive input in the periphery (Carlton &
Coggleshall 1998). These chemical mediators, e.g. prostaglandins, bradykinin,
substance P - many from inflammatory cells, are capable of stimulating noci-
ceptors. Many mediators that operate at the peripheral site are also operational at
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the spinal cord level. Transduction can be targeted, therefore, by an agent that
prevents the synthesis of inflammatory mediators at this site and non-steroidal
anti-inflammatory drugs (NSAIDs) are often prescribed. Pre-emptive analgesia
has been used in an attempt to reduce ‘wind-up’ and excessive nociceptive
activity before pain is experienced and, although benefit has been shown, this is
not consistent in all studies. Inhibiting transmission of electrical pain impulses
along the sensory pathways is usually achieved by intravenous opioids, nurse-
controlled opioid infusions and in thoracic surgery epidural analgesia also.
Cryoanalgesia is used infrequently although paravertebral blockade is preferred
by some thoracic surgeons.

Pharmacological agents

An important component of any pain control strategy in the peri-operative period
is the use of pharmacological agents - non-opioid and/ or opioid analgesics. Non-
opioids, used for post-operative pain which is mild to moderate include NSAIDs
such as diclofenac, keptoprofen, naproxen and ibuprofen. Paracetamol may also be
effective for some patients. Intravenous infusion or rectal administration of
diclofenac is also sometimes used to prevent the occurrence of post-operative pain.

Opioid analgesics

There are weak and strong opioids and their use in pain control following
cardiothoracic surgical procedures is commonplace. A powerful systemic opioid
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is usually given short term with the patient progressing onto oral medication
thereafter. Although the post-operative course for most patients is fairly pre-
dictable, and indeed protocol driven, assessment by the nurse should identify
those patients who require systemic opioids a little longer. Pain management
cannot be considered individualised when all patients have their systemic opioids
discontinued routinely after 48 hours.

The effect of any opioid will depend on the morphine receptor site targeted in
the central nervous system, e.g. mu-1 receptors (analgesia) and mu-2 receptors
(hypoventilation, bradycardia, physical dependency and euphoria). Opioids are
preferred in the management of post-operative pain because of several effects,
including:

Modulation of pain at the spinal cord level in the dorsal horn
Activation of descending inhibitory pathways from the brain
Mood-elevating effects

Anxiety reduction

Weak opioid analgesics include codeine phosphate, co-dydramol, co-proxamol
and co-codamol and are classified as narcotic agonists. Their analgesic site of
action is at the endogenous opiate receptor binding sites. Codeine phosphate is
often used in combination with non-narcotic analgesics such as paracetamol for
symptomatic treatment of mild to moderate pain. Some of the administered
codeine is converted in the liver to morphine, accounting for its mild analgesic
properties.

Systemic opioids

Systemic opioids are commonly used following cardiac and thoracic surgery and
include agents such as morphine, diamorphine and fentanyl. Fentanyl is a
popular opioid because it has weak local anaesthetic properties and enhances the
peripheral nerve block analgesic action of local anaesthetics when administered
into the epidural space.

Patient-controlled analgesia (PCA)

Intra-operative general anaesthesia and “as needed” approaches to post-operative
pain evoke higher concentrations of stress hormones, more intense pain, more
substantial catabolism and greater immune impairment than regional local
anaesthetic blockade (Kehlet 1989). Opiates need to be administered in such a way
that steady therapeutic levels are maintained. Bolus “as needed’ opioids can result
in supra-therapeutic levels with respiratory depression, orthostasis or ileus, and
sub-therapeutic levels (Kaier 1992) with increased pain and stress. Patients who
cannot use a PCA pump should receive an opioid around the clock by continuous
IV infusion with additional bolus analgesic agents before painful procedures
(Cheever 1999).

PCA is often used in patients following cardiothoracic surgery and is a tech-
nique that allows the patient to self-administer a small intravenous bolus of an
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analgesic, usually highly potent opioids, at frequent intervals using a special PC
pump (Azad 2001). If the patient is able to cope with this method then excellent
pain relief can be achieved. Delay is eliminated by the use of a fixed prescription
delivered by a microprocessor-controlled pump. Although affording the patient
more control, nurses should be alert for signs of opioid-related side-effects such as
respiratory depression particularly if a background infusion is used (Ashburn et
al. 1994). It has been shown, however, that there is no benefit gained from con-
tinuous basal drug infusion during PCA.

Not all studies have demonstrated superior analgesia with PCA (Murphy et al.
1994; Myles et al. 1994). In one study, PCA was compared with nurse-controlled
analgesia (n = 66) and whereas PCA did not provide superior pain relief com-
pared with nurse-controlled infusion analgesia, patients experienced significantly
less nausea (O’Halloran & Brown 1997).

Epidural analgesia

Epidural analgesia following thoracotomy has been shown to provide very effi-
cient pain relief (Azad et al. 2000). An opiate administered via a thoracic epidural
cannula following cardiac surgery has also shown similar benefits in terms of
reduced hormonal stress response and improved pulmonary function (El-Baz &
Goldin 1987). Simultaneous administration of opioids and local anaesthetics can
moderate the pain response and possibly enhance mediator release blockade. This
is particularly true with continuous infusion and works in most patients (Fischer
et al. 1988), although it is suggested that any benefit from the addition of bupi-
vacaine to fentanyl in thoracic epidural analgesia is confined to the early post-
operative period (Mahon et al. 1999). There seems to be fewer side-effects with this
technique compared with the use of either local anaesthetics alone (hypotension)
or opioid alone (pruritus, nausea, potential respiratory depression).

Lipid-soluble opioids such as fentanyl and sufentanil are removed from the
cerebrospinal fluid more quickly than morphine, reducing the risk of delayed
respiratory depression which can occur with morphine (De Leon-Casasola &
Lema 1996). A continuous infusion occasionally causes hypotension, probably
due to interference of the cardiac sympathetic supply, although some have shown
an overall reduction in post-operative complications with epidural infusions of
local anaesthetic agents (Yeager et al. 1987). A comparison of PCA with an epi-
dural of fentanyl and local anaesthetic has shown superior pain relief in the
epidural group but no difference with regard to pulmonary complications and
duration of hospital stay (Azad et al. 2000).

Side-effects occasionally seen with epidurals include respiratory depression,
oversedation, hypotension, pruritus and urinary retention. Respiratory depres-
sion with opioids can occur occasionally, and although this is usually in the first
few hours, it can occur much later. The fear of respiratory depression can be
exaggerated and this should not result in the withholding of opioids as the inci-
dence of respiratory depression in patients receiving epidural opioids is less than
1% (McCaughey & Graham 1982). Ongoing observation by the nurse is crucial and
naloxone should always be at hand for immediate administration should the
effects of morphine need to be reversed.
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Although the use of epidurals following thoracotomy is a specialised procedure
it is integral to acute pain management and, with an appropriate education pro-
gramme, nurses can provide skilled care in this area (Richardson 2001).

In some patients following thoracotomy the use of extrapleural analgesia may
be employed. This involves placing an indwelling catheter in the extrapleural
space at the end of surgery. Extrapleural analgesia has been found to give good
pain control and preservation of pulmonary function (Richardson et al. 1999a). In
one study, paravertebral bupivacaine was superior to epidural bupivacaine in
terms of pain relief, pulmonary function and side-effects (Richardson et al. 1999b).
Although some surgeons prefer paravertebral blocks, until this particular method
has been evaluated further, epidurals following thoracotomy are likely to be the
preferred option.

Following cardiac surgery, epidural anesthesia may be problematical, with an
increased risk of spinal haematoma formation (Turfrey et al. 1997). With the
increase in beating heart surgery and the consequent reduction in the use of
heparin, epidural anaesthesia may be used.

Sedation

Pain may not be the major concern of the patient and a great deal of anxiety may
be generated by a host of factors in the post-operative period: immobilisation,
chest drains and oxygen therapy, for example. Opioids offer some sedation, but
because these effects are secondary many believe that sedation should be con-
sidered as a separate therapeutic goal (Boysen & Blau 1995), so that in addition to
pain assessment, anxiety assessment should also be considered using a visual
analogue scale. Although some degree of sedation is usual in the critical care
environment, this may still be required for some patients when transferred to the
ward. For critically ill patients, benzodiazapines are often used to achieve seda-
tion and anxiolysis, and diazepam, lorazepam and midazolam have been all used
with varying degrees of success.

During the course of the patient’s post-operative care there may be occasions
when additional pain relief is required. For example, removal of chest drains and
other invasive devices can be excruciatingly painful for some patients. Nitrous
oxide and oxygen (Entonox™) has been used with success for some painful
procedures. However, the practice of pain relief at such times varies widely
between units, with no pain relief given at all in some cases. Vasovagal episodes
have been observed during short painful procedures and further research is
needed in order to develop appropriate protocols. Individual patient assessment
is important and effective pain relief should remain an important goal.

Non-pharmacological interventions in pain relief

Pharmacological agents feature greatly in cardiothoracic pain relief protocols but
there are other non-pharmacological interventions which may also be useful and
have the potential to further modulate nociceptor activity, particularly in the
dorsal horn. For example, more than 200 studies demonstrate that pre-emptive
cognitive and behavioural interventions can decrease anxiety before and after
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surgery and accelerate recovery (Kiecolt-Glaser et al. 1998). Together with more
traditional orthodox approaches, non-pharmacological interventions may
increase further the effectiveness of pain relief protocols. Work in this area is still
in its infancy, but as complementary approaches are becoming more mainstream
and as studies are demonstrating their worth, nurses are in an ideal position to
develop appropriate interventions for patients following surgery. The effective-
ness of specific interventions is likely to be influenced by a host of factors and it is
worth remembering that although one particular intervention may not benefit the
patient, another may.

Table 6.9 outlines some of the complementary approaches which have been
used in cardiothoracic surgery although most studies have involved patients
following cardiac surgery. However, some studies have shown positive results in
patients following general surgery so some benefit is likely. Once again, more
research is needed here.

The mind-body dualism which has dominated orthodox medicine and health
care is no longer tenable, and integrated medicine which combines complementary
and traditional treatment approaches is the future of health care (Shirreffs 1996).
Although there are many studies which claim benefits in different patient groups,
the methodology is often lacking. Nevertheless, there have been several systematic
reviews carried out investigating the evidence regarding claims made, and indeed
benefits have been found. More research is needed involving larger numbers, and
funding needs to be made available for this. With increasing evidence and growing
public interest, nurses need to be proactive in this area, gaining the appropriate
information and skills grounded in scientific inquiry.

Post-operative infection

Infection post-operatively is costly, delays discharge and is responsible for a great
deal of distress to patients and their families. The hospital inpatient infection rate
is approximately 9%, with surgical wound infections responsible for 10.7% of
these (Emmerson 1996). Costs to the country account for approximately £1 billion
each year (Plowman 1999). In addition to large surgical wounds, a number of
invasive lines will be used either to monitor the patient’s progress or to administer
various pharmacological agents. Staphylococcus aureus, part of the normal flora in
the nose, throat, axillae, toe webs and perineum of 30-40% of healthy people in the
general population (Gould & Brooker 2000), is the most common cause of pyo-
genic infection, responsible for about 33% of all hospital-acquired infections
(Gould 2001).

The patient undergoing cardiothoracic surgery will be at risk of developing an
infection post-operatively because of a number of different factors. The nurse
should be knowledgeable regarding these factors so that the local and general
environment can be manipulated and all measures taken to minimise the risk. In
addition, an awareness of factors promoting health and wound healing will
enable the nurse to plan effective care for the patient following surgery.

Before any discussion regarding the risk of infection, a preliminary outline of
the principles of wound healing is given.



Table 6.9 Examples of complementary approaches in pain relief

Intervention

Rationale and effect

Patient groups/studies

Additional issues

Transcutaneous electrical
nerve stimulations (TENS)

Music therapy

Massage, e.g. feet, back,
neck, shoulders

Often combined with
aromatherapy

Relaxation and guided
imagery

Use of skin electrodes to deliver low-
voltage stimulus

Benefits:
Thought to increase endorphins and
inhibit transmissions along pain fibres

Music delivered by headphones
Anxiolytic effects well documented

Benefits:
May increase mood and patient
tolerance

Systematic manipulation of soft
tissue.

Benefits:

Distraction; improved circulation;
reduced anxiety and pain; enhanced
immune response; decreased stress
hormones; improved sleep

Diverting the patient’s thoughts to
achieve a calm, silent still mind

Benefits:

Reduced stress hormones,
physiological arousal, anxiety; earlier
discharge following CABG; improved
sleep

Thoracotomy (Benedetti et al. 1997)

Used in many settings including:

MI (White 1999)

CABG (Blankfield et al. 1995)

chest tube removal (Broscious 1999)
during bronchoscopy (Colt et al.
1999)

(Evans 2002, systematic review)

CABG (Stevenson 1994)
(Richards et al. 2000, systematic
review)

CABG (Miller & Perry 1990; Halpin
et al. 2002)

(Seers & Carroll 1998, systematic
review)

(Johnstone & Vogele 1993, meta-
analysis)

Not for patients with pacemakers/
cardiac arrhythmias

Only useful for mild to moderate pain
post-thoracotomy

Inexpensive with few side-effects
Little expertise needed

Should be used pre/post-operatively
Useful in cardiac patients and many
other groups

Assessment important

Recognise cultural and personal
feelings

Not appropriate for first 48 hours
following surgery

Individual assessment and evaluation
important

Audiotapes can be used with pre-
recorded narrated stories

No evidence that relaxation harmful.
Only weak evidence to support
effectiveness in acute pain. More
research needed
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Principles of wound healing

Wound healing is divided into three main phases, inflammation, proliferation and
maturation (Cox 1993). Inflammation, the body’s non-specific immune response,
is initiated at the time of surgery where the surgeon’s incision injures the local
tissue environment and microcirculation. Many different inflammatory cells,
including leucocytes, release cytokines, many of these having both growth-
promoting and chemotactic properties. Neutrophil influx is particularly marked
in the early inflammatory response, with macrophage and lymphocyte activity
occurring a little later (Moore 1999). Platelets are particularly crucial in this
respect, releasing platelet-derived growth factor (PDGF).

The proliferative phase initially involves the growth of endothelial cells
stimulated by PDGFs and fibroblast growth factor. This angiogenesis is important
in the migration of capillary endothelial cells into the wound to establish a source
of blood flow to the tissues. Fibroblasts migrate in response to both growth factors
and chemo-attractants and have a key role in collagen synthesis. Repair and
remodelling of tissue includes the movement and replication of epithelial cells,
also under the influence of growth factors. This epithelialisation begins within 24
hours and in a clean surgical wound is generally complete by the third post-
operative day (Gould 2001). Finally it is the maturation phase where remodelling
continues, governed by fibroblasts and proteases achieving a balance between
deposition and degradation (Kingsley 2002). During this phase the wound also
shrinks and shortens as collagen fibres are pulled together.

Dressings

There is a huge variety of commercially prepared dressings available to promote
healing of surgical wounds and most surgical units have devised local protocols to
guide practitioners. Although an absorbent dressing will have been applied in the
operating theatre this can usually be removed when bleeding has stopped and the
wound is often left open. If a wound dressing is used then this should (Whitby
1995):

B Permit gaseous exchange to maintain PO, and pH at appropriate levels

m Maintain high humidity in the area to promote epithelialisation

m Maintain wound temperature close to body core temperature to facilitate
mitosis and phagocytosis

m Aid removal of dead tissue and bacterial, chemical and physical contaminants
thus preventing bacterial infection and limiting the inflammatory phase

B Be impermeable to bacteria

m Protect healing tissue from disruption by physical forces; be non-adherent,
non-allergenic and free from contaminants

Conditions to promote healing

Ideally, wounds following surgery heal by first intention where the above
inflammatory response and subsequent phases are effective. For this to occur,
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however, a number of conditions must be met. Healing and resistance to infection
become better as local perfusion and oxygenation improve, so wound care
demands attention to local blood supply, respiratory variables and cardiac output,
with hypoxia impairing immunity and repair (Hunt & Williams 1997). Any pre-
existing condition where the circulation is impaired, e.g. diabetes, may contribute
to wound problems. Local tissue oxygen tension and perfusion in the first 48
hours after surgery is related to collagen accumulation several days later, and
where there is adequate oxygenation and perfusion more collagen accumulates
than in tissues that are poorly perfused (Jonsson et al. 1991).

Failure to meet hydration needs will also affect perfusion, and by infusing
relatively small volumes the subcutaneous tissue oxygen tensions can be
increased. Ensuring adequate infusion of either colloid or crystalloid fluid,
therefore, will promote wound healing by increasing peripheral blood flow and
oxygen delivery (Hartmann et al. 1992). It therefore follows that giving supple-
mentary oxygen in the first 48 hours following cardiothoracic surgery will also
influence subcutaneous oxygen tensions, and despite the many variables involved
in oxygen delivery it is suggested that arterial saturation levels should remain 94%
or more (Whitney & Heitkemper 1999).

Prolonged hypothermia following cardiac surgery may impair healing because
of the local vasoconstriction which occurs, and effective rewarming to re-establish
a core temperature of at least 36°C will improve local perfusion and healing.

Factors which may affect the microcirculation and therefore oxygen supply to
wounds include:

m Hypothermia

m Sympathetic arousal resulting in peripheral vasoconstriction (stress/low
volume etc.)

® Administration of sympathomimetic agents

m Smoking history

m Diabetes mellitus

Because of the factors listed, the risk of wound complications is high following
cardiac surgery because of the effects on the microcirculation. The next section
outlines specific wound problems in cardiac and thoracic surgical patients.

Sternal wounds

The rate of sternal wound infection is between 1.5% and 7.2% and the infection is a
major cause of morbidity and increased health costs in adults (Loop et al. 1990;
Zacharias & Habib 1996). Infection of sternal wounds can be either superficial or
deep and result in sepsis and death. In one centre, possible contributing factors
were categorised into pre-operative, intra-operative and post-operative (Hussey et
al. 1998), and this provides a useful guide (see Table 6.10).

People with diabetes have a 2-5 times greater risk of sternal wound infection
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Table 6.10 Factors contributing to sternal wound infection/dehiscence

Pre-operative factors Intra-operative factors Post-operative factors
Diabetes mellitus Use of bilateral and single Hypotension/hypoperfusion
Chronic obstructive internal mammary artery Sympathomimetic agents, e.g.
pulmonary disease (COPD) (IMA) dopamine/dobutamine
Pre-operative intensive care  Long operative time Ventilatory support >48 hours
stay (>4 hours) Post-operative CPR
Obesity Long cardiopulmonary time ~ Reopening of chest
Advanced age (>70 years) (>2 hours) Banked blood transfusions
Sex (male) Hypoxaemia

Cigarette smoking
Impaired immune response

than the non-diabetic population (Furnary et al. 1999). The degree of risk for
sternal wound infection in men and women is not clear. Whereas males are
accorded greater risk in some studies (Hussey et al. 1998), in others, females have
been shown to have increased risk (Stahle et al. 1997; Sofer et al. 1999). Although
many of the factors identified are not amenable to intervention, a knowledge of
risk factors for each patient will assist in identifying those most vulnerable. This
may then contribute towards early detection and prompt treatment.

The routine use of the internal mammary artery in coronary artery bypass
grafting (CABG) may have led to improved patency rates and survival (see
Chapter 5), yet also results in damage to the sternal blood supply. This may
impede sternal healing and lead to early dehiscence and infection. The risk is
greater where both internal mammary arteries are used and still further in the
elderly and patients with diabetes (Grossi et al. 1991; He et al. 1994), although there
is a suggestion that any increase in sternal wound breakdown is minimal (Taggart
2002). Damage to the blood supply is caused by cauterisation, and alternative
techniques, which involve careful dissection of the internal mammary artery
without cauterisation, have reduced the risk slightly (Sofer et al. 1999).

Sternal dehiscence, where there is separation of the sutured sternum, can occur
with or without infection. Sternal dehiscence without infection usually occurs
quite early in the post-operative course, whereas infection occurs later. Infection
of the sternal wound may result because of infection elsewhere in the body or
because of contamination from some external source.

Superficial sternal infection may simply be associated with local erythema and
discharge and respond to appropriate wound care and antimicrobial therapy.
Deeper infection should be suspected in the presence of unexplained low-grade
fever, leucocytosis, sternal wound tenderness/instability with cellulitis, purulent
wound drainage, chest or neck discomfort and malaise, and can appear 2-3 weeks
following surgery. With deeper sternal wounds, complications are more common
and morbidity and mortality increase as a result. Mediastinitis, for example, arises
when there is suppuration of the anterior mediastinal space, and this a serious
complication of cardiac surgery, possibly arising in 1-3% of patients (Vaska 1993).
It requires early diagnosis and treatment as infection may extend retrosternally to
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the heart, coronary artery grafts, prosthetic valves and intracardiac sutures with
an associated mortality rate of 24-40% (Rosenbaum et al. 1990). Involvement of the
chest wall can also lead to long-term complications of osteomyelitis and costo-
chondritis, with even greater mortality.

Sternal wounds should be inspected daily for signs of redness or drainage and
the patient should be advised to do the same once discharged home. Patients
should also be advised to seek medical help if they experience persistent pain over
the sternal wound site even if apparently healed. Although the pain may occur
because of the sternal wiring, it may be a sign of mediastinitis. Stability of the
sternum can be assessed through asking the patient to cough while holding a hand
firmly over the sternum. Any rocking or clicking may indicate sternal instability
and that the sternal bone has not healed. Often this just requires resuturing,
although sternal instability may indicate underlying infection.

With deep sternal infection the infective organism should be identified as soon
as possible. If there is no wound drainage, then aspiration of the infection should
be undertaken. Antimicrobial therapy with an anti-staphylococcal and gram-
negative agent is important and is usually prescribed for several weeks. A number
of interventions may be necessary to treat a deep infection, including exploration
and drainage. A second mediastinotomy is necessary to debride any necrotic or
infected tissue and to drain purulent material. The surgeon may request that the
wound be left open to facilitate drainage. A catheter may be positioned in the
mediastinum to facilitate irrigation (e.g. antibiotic solutions/saline) of the infected
cavity over the course of several days. For a number of years iodine was used as a
broad spectrum antiseptic but lost favour mainly because of reported patient
sensitivity. However, it is suggested that iodine may be suitable for clinically
infected chronic wounds and acute management of the surgically drained abscess
(Gilchrist 1997). Where sternal debridement, rewiring, closed drainage and irri-
gation fail or where there is severe infection with involvement of other structures
then major debridement and reconstructive surgery may be necessary (Jones et al.
1997). In order to encourage wound closure, omentum or muscle flap trans-
position (using pectoralis major or rectus abdominus) is occasionally performed,
and while for many surgeons this is a last resort, it is suggested that reconstructive
surgery should be a first-line therapy for deep sternal infection (Brandt & Alvarez
2002).

Infection of the leg wound occasionally occurs owing to problems with the
microcirculation as outlined earlier and this is more common in the overweight,
diabetic or those with peripheral vascular disease (Utley ef al. 1989). Inflammation
may be due to both infective and non-infective causes. When due to infection then
cellulitis with wound breakdown and purulent drainage are usually evident. The
wound infection may respond to antibiotics, debridement and meticulous wound
care.

Thoracotomy wounds

The vascular problems inherent with cardiac surgical wounds are not usually
present with wounds following thoracic surgery. Generally, wounds can be left
exposed after 24-48 hours with wound sutures removed after 7-10 days and drain
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sutures 2-5 days following removal. One of the most common reasons for per-
forming thoracic surgery is malignancy, and these patients are at an increased risk
of infection. Although some patients may present with neutropaenia, so long as
the leucocyte count is greater than 500/mm? there is usually no problem with
wound healing (Schaffer & Barbul 1996). Diabetes, long term steroid therapy,
immunocompromise due to any cause and obesity are all important factors.

Empyema

Infection of the pleural space can develop for a number of reasons. Following
thoracic surgery it usually occurs after pneumonectomy and partial lung resec-
tions and is a serious complication. Cough, purulent sputum, anorexia, weight
loss and fever with night sweats are common features. When empyema occurs
after pneumonectomy it is often associated with a bronchopleural fistula (BPF)
and mortality is significant. Following a lung resection it occurs in 2-16% of
patients (Deschamps et al. 1999), but as it may occur many years following
surgery, the incidence is probably underestimated. Multiple peri-operative
factors, both local and systemic, are associated (Deschamps et al. 2001) and
causative pathogens are usually Pseudomonas aeruginosa and Staphylococcus aureus.
Features indicative of BPF include persistent air leak and in the absence of chest
drainage, expectoration of serosanguinous fluid from the post-pneumonectomy
space, with possible contamination of the healthy lung and aspiration
pneumonitis.

Empyemas may be treated by the insertion of an intercostal drain. However
with chronic empyemas this is more difficult. The location of the empyema is
identified on a CT (computerised tomography) scan and bronchoscopy is often
carried out to exclude a BPF. Treatment of a chronic empyema may necessitate
leaving the chest tube in and converting the closed drainage system to an open
system. The chest tube is usually cut so that 2-3 cm is left exposed and a safety pin
employed to prevent retraction into the cavity. A suture ensures that the tube is
anchored and does not fall out. A dressing is applied or an ‘ostomy” device used to
collect the drainage (Finkelmeier 2000). The tube may remain in position for
several weeks, while it is gradually shortened and eventually removed once a
sinogram has checked the remaining cavity. Delayed healing with empyema can
cause considerable distress for the patient and, as with all chronically infected
wounds, can have a devastating effect on body image and self-esteem. Wounds
that become chronically infected cause profound disappointment, and any
resulting depression can impair further the healing process.

Intravascular catheters

Intravascular catheters are necessary during and following cardiothoracic surgery
to monitor physiological parameters and to administer drugs. Infection of these
accounts for around one-quarter of nosocomial infections (Rai & Dexter 2001) and
can lead to catheter-related bloodstream infection (CRBI). Responsible organisms
include S. epidermidis, Staphylococcus aureus and candida groups, and central
venous catheters are particularly susceptible. Staff should remain vigilant for any
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signs of local infection - redness, swelling, soreness and discharge. Local proto-
cols should be followed for obtaining cultures for withdrawn catheters and per-
forming diagnostic tests with the catheter still in position.

A number of precautions may avoid the development of intravascular catheter
sepsis and include:

Maximal aseptic technique for insertion

Use of gauze rather than transparent dressing (Mermel 2000)
Avoidance of ointments at insertion site (Mermel 2000)
Disinfection of hubs and ports (e.g. chlorhexidine) before accessing
Adequate specialist nurse/ patient ratios (Soifer et al. 1998)
Minimal manipulation of catheters (Soifer et al. 1998)
Anticoagulant prophylaxis (Randolph et al. 1998)

Localised infection with organisms other than pseudomonas may be treated
with antibiotics without removal of the catheter (Rai & Dexter 2001), but for
systemic infection the catheter should be withdrawn and appropriate antibiotic
treatment started.

Modern health care, although responsible for tremendous improvements in
health, unfortunately is also responsible for the unabating difficulties experienced
with antibiotic resistance. This is a problem facing both hospital and community,
with pathogens developing where conventional antibiotics are ineffective, e.g.
methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant
enterococci (VRE). Prescribing habits involving antibiotics, patterns of health care,
and lack of effective infection control policies and procedures have led to
increased prevalence over the years.

Until the development of new agents to deal with these organisms, prevention
is the major weapon for containing the spread of infection, with hand-washing
perhaps the most effective measure that health professionals can take. Pathogens
commonly causing infections are Staphylococcus aureus and S. epidermidis. Tran-
sient bacteria from the hand may be easily transmitted from practitioner to patient
and this indeed is considered to be the main cause of bacterial spread in health
care settings (Gould 1991).

Decubitus ulcers

The same factors which increase risk for surgical wound infection following
surgery can also contribute to the development of pressure sores. Laying or sitting
for long periods during the early post-operative period for patients who have
been chronically ill and are hypoxaemic and possibly receiving inotropic support
post-operatively, can quickly lead to trauma and devitalisation of tissues.
Ongoing observation and inspection of pressure areas, correct manual handling
procedures and use of pressure-relieving devices will all contribute to reducing
risk.

Despite all preventive methods, some patients will have surgical wounds which
are difficult to heal. Control of odour, exudates and pain is important. Wounds
may need debridement as debris may act as a focus of infection. Materials that
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adhere to the wound, such as gauze, are not recommended for routine use. A huge
variety of products is now available which promote autolytic wound debride-
ment, including hydrocolloids, hydrogels, polysaccharide beads/paste, foam
dressings and alginate dressings as well as bio-surgical techniques (sterile mag-
gots). The choice of dressing for any wound should be considered only after
careful assessment. It is not possible to explore this in any great detail here, but
Fig. 6.7 offers an example of an algorithm which can be used to aid selection of the
most appropriate wound dressing.

Promoting healing

Identifying factors contributing to the healing process and the restoration and
promotion of health in the post-operative period should be thought of in both
local and global terms. The nurse is in a key position to ensure that the continuity
of care is such that conditions are met which optimise this healing process.

Rest and sleep

When we are sleeping there will be approximately 4 to 6 complete sleep cycles.
Each cycle consists of four stages beginning with stage 1, which is non-rapid eye
movement (NREM) sleep, progressing through stages 2 to 4 and followed by a
short period of rapid eye movement (REM). The REM period following the first
cycle is quite short, but subsequent periods are more prolonged until eventually
stages 3 and 4 (slow wave) of NREM sleep disappear and the REM sleep lasts
around 30 minutes. It is during REM or ‘dream’ sleep that emotional healing,
brain restoration and growth occurs, with NREM important for promoting phy-
sical healing and growth (Evans & French 1995). Because stages 3 and 4 of NREM
sleep occur only during the first two cycles and it is during this stage that cell
repair takes place, disturbed sleep can result in impaired healing because of a
reduction in growth hormone. Each time the patient is disturbed they must return
to stage 1 of the initial sleep cycle.

The healing properties of rest and sleep have been recognised for some time and
it is during this restorative process that protein synthesis and cell division occur
(Horne 1998). Psychoneuroimmunology has established a link between psycho-
logical factors, the immune response and healing (Kiecolt-Glaser et al. 1995). Sleep
difficulties in patients cared for in acute care settings remain a real problem and
can be attributed to environmental noise, pain, discomfort, and not least the
constant stream of health care workers around the bedside. The clustering of
nursing activities is crucial in order to avoid constant interruption. Following
cardiac surgery researchers have demonstrated (n = 97) the interaction between
noise-induced stress and other stress in predicting poorer patient sleep (Topf &
Thompson 2001). Poor sleep and sleep deprivation can also increase anxiety and
stress and interfere with the immune system, disrupting the crucial role of
macrophages and lymphocytes (Irwin et al. 1994). Everything possible must be
done, therefore, to provide adequate rest, and it is important that at least 90
minutes of continuous sleep is allowed to ensure one full sleep cycle, the mini-
mum required for healing.
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permission.
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Benefits of a holistic approach

Ideally, surgical wounds should heal by first intention and the skilled nurse will
adopt a holistic approach in carrying out a risk assessment and in ensuring that
patient, local and environmental factors are addressed to promote wound healing
and prevent infection. Once there is an established focus of infection, as well as
patient distress, delayed discharge and increased financial cost, the patient is at
high risk of developing septicaemia and septic shock, which can result in multi-
system failure and death. The nurse is the only health professional to be with the
patient throughout a 24-hour period and can do much to influence the post-
operative course when the patient is most vulnerable. With forethought and
meticulous attention to detail in preventing cross-infection, additional distress, at
a time which is already stressful for the patient, can be avoided.

For most patients the post-operative course is relatively uneventful and early
discharge possible. Despite the major trauma involved for the patient undergoing
cardiac and thoracic surgery, the body has an amazing capacity to deal with this
and maintain equilibrium. Skilled, ongoing assessment by the cardiothoracic
nurse ensures not only that each patient has the physical, psychological, emo-
tional and social resources to cope but also that appropriate measures are taken
when recovery is compromised.
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Appendix: Post-operative assessment issues following cardiac surgery
Data Method Rationale Possible action
Cardiac m Central temperature Hypothermia acts as a myocardial Actively warm with bair hugger, eliminate shivering,
output B Peripheral temperature, depressant avoid administration of cold fluids
capillary refill, warmth and
colour
B Blood pressure
B Cardiac output monitoring, See below Titrate fluid and drug therapy against cardiac output
echocardiography Useful to exclude causes of low cardiac recordings
output; cardiac tamponade and cardiac
function
Blood W Arterial line Arterial line more accurately reflects Gentle rewarming with blood/fluid titration and low-
pressure arterial pressure in the presence of low  dose nitrates

Fluid balance m

Guideline MAP <70 mmHg

Systolic <120 mmHg

Guideline RAP 8-

12 mmHg

LAP 12 mmHg
Maintain urine output
>0.5 ml/kg body weight

cardiac output or peripheral
vasoconstriction

During rewarming, blood pressure is
frequently labile

MAP — reflects the pressure perfusing
body organs

High systolic pressure increases the risk
of bleeding from suture lines and
increases afterload

Maintain filling pressure to those found

optimal intra-operatively

Initial large diuresis resulting from CPB
should reduce within 2 hours

Maintain MAP with inotropes if necessary

Nitrates may successfully maintain systolic pressure
<120 mmHg

Titrate fluid to maintain filling pressures: 6%
Hetastarch/blood — see blood clotting section below

Administer frusemimde to maintain urine output

¢0¢

9 Ja3dvyH



Blood loss

ECG

Electrolytes

Chest drains positioned in
mediastinum and pleura
Observe blood drainage,
clot formation within
tubing

Suction pressure —5 kPa
(30-40 cm H,O)

Continuous ECG to monitor
heart rate and rhythm

12 lead ECG to monitor
ischaemia or Ml

(R wave progression, new
LBBB, Q wave
development)

Serum electrolytes on
return from surgery and
daily thereafter

Maintain serum K*
4.5-5.0mmol/l

Maintain serum
magnesium 1.4-2.2 mmol/|

Excessive bleeding may lead to
hypovolaemia while decreased bleeding
or clot formation may inhibit drainage
and result in cardiac tamponade
Guidelines <4-5 ml/kg in the first 3—4
hours

Pressure should maintain a slow
consistent bubbling

Observe arrhythmias — particularly PVCs
Maintain heart rate 80~100 bpm

Ischaemia may indicate coronary vein
graft spasm or myocardial oxygen
supply/demand imbalance. MI may
occur intra-operatively

CKMB and troponin | are raised
following cardiac surgery

Actively manage potassium to reduce
risk of arrhythmias

Low potassium may result from stress
response or profound diuresis
Hyperkalaemia may result from
cardioplegic solutions, renal dysfunction
Magnesium mimics potassium in the
effect upon the heart
Hypomagnesaemia may result from
diuretics

Facilitate drainage by 45 degree head-up position
See blood clotting below
Exploration of surgical site may be necessary

Treat arrhythmias that lead to cardiovascular
compromise

Use nitrates, oxygen and reduce myocardial oxygen
demand

Maintain heart rate with pharmacological agents such
as isoprenaline or epicardial pacing

Administer oxygen and nitrates to maximise
myocardial oxygen supply while reducing shivering,
work of breathing, pain and anxiety

IV potassium supplements. Large doses of IV
potassium should be administered through a central
line

Administer IV magnesium to improve stroke volume
and reduce arrhythmias

Contd
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Appendix: Contd

Data

Method

Rationale

Possible action

Blood B Monitor haematocrit Reduce risk of bleeding and low blood  Use blood to maintain Hb >8 g/d|
clotting B Maintain >25% pressure Stop pre-operative anti-platelets (aspirin/clopidogrel) 1
m  Aim for Hb >8 g/dI Adequate haemoglobin is necessary for  week prior to surgery. Stop warfarin 3 days before
B ACT <160 good oxygenation
Respiratory B Arterial blood gases Maintain adequate oxygenation and Extubate as soon as possible. Administer oxygen via
status ®  Aim for PO, >10kPa CO, removal face mask to maintain adequate oxygenation
PCO, <7 kPa I . .
520, >95% Acidosis depresses cardiac function
BE +/—3

Blood
glucose

Neurology

Pain relief

B Chest X-ray

B Record blood glucose 4
hourly

B Neurological assessment

B Regular pain assessment
with pain scale

B Heart rate/respiratory rate

Blood pressure

® Non-verbal expression/
agitation

Check position of lines and chest tubes
and for presence of pleural effusions/
haemothorax or atelectasis

Catecholamines raise blood glucose
Insulin secretion is decreased on CPB or
with hypothermia and there is a blunted
response to insulin for 24 hours
following CPB
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neurological deficit
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effort and mobilisation hence
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Patient-controlled analgesia avoids
subjective interpretation of pain

Sliding scale insulin if diabetic to <10 mmol
<15 mmol/l in non-diabetic

Re-sedate for 12 hours and re-assess

PCA/bolus dose — morphine

NSAIDs may lead to renal impairment

Epidural analgesis following cardiac surgery is
problematical with increased risk of spinal
haematoma

Support sternal wound during coughing or moving
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The longer-term success of surgery, measured in terms of quality of life, will
depend not only on the expertise of the cardiothoracic team during the peri-
operative period, but also on preparation for discharge and ongoing support once
at home. The trend towards even shorter periods of hospitalisation for surgery
continues, and innovative models of care, to both prepare patients for surgery and
to support them in the post-operative period and beyond, are required so that any
physical, psychological, social and financial consequences are minimised. The
period of hospitalisation for surgery focuses very much on the acute aspect of care
but additional models are required if the patient and carer are to be prepared
effectively for the return home.

This chapter explores the difficulties that patients might face once discharged
home. In the pre-admission chapter (Chapter 4) a framework was offered to help
the nurse carry out a psychosocial assessment. This framework is just as appro-
priate when preparing the patient for discharge, and using the four dimensions -
pathophysiological (symptoms), cognitive, behavioural and social factors - will
facilitate exploration of key issues in this section. Information-giving alone prior
to discharge is unlikely to lead to successful adjustment following surgery.
Opportunities need to be made available so that patients can develop the con-
fidence, knowledge and skills to cope more effectively, thereby gaining greater
control and independence with improved quality of life. An overview of theo-
retical and philosophical issues underpinning such approaches will contribute
towards increasing the effectiveness of the nurse’s role in this area.

205
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Earlier discharge

Traditionally, the hospital length of stay following cardiac surgery was 10 days,
but this has fallen progressively, first to 7 then 5 over the past decade (Riegal et al.
1996; Dunstan and Riddle 1997). This trend, while due mainly to changes in peri-
operative management (Maglish et al. 1999), has also been influenced by the need
for cost containment. Even following thoracic surgery involving resection there
has been a move towards earlier discharge, so that, generally, cardiothoracic
patients may be discharged home 3-4 days after major surgery. These relatively
recent developments are still uncharted waters as there are many questions
unanswered regarding the long-term implications of early discharge.

With more women presenting for surgery, more elderly (often with co-
morbidity), more ethnic minority groups and patients requiring ‘redo’ pro-
cedures, health care needs following discharge are increasingly complex. Fol-
lowing cardiac surgery, for example, there are striking differences between men
and women, with the latter having worse health experiences. These differences
are sustained one year after cardiac surgery and interventions need to be tar-
geted to enhance recovery, reduce morbidity and improve quality of life (Jen-
kins & Gortner 1998).

Adverse psychological and physical functioning can be found as late as six
months following cardiothoracic surgery (Moore 1995). A significant number of
patients will suffer anxiety and depression, and although emotional reactions are
to be expected these may cause further distress and disability if intense and
prolonged. Mood is often fairly labile following major cardiothoracic surgery and
the patient and carer may need reassurance and help in dealing with these
emotions. Despite surgery, patients may still be frightened to resume their social
contacts or return to work and may still have fears over the future (Jaarsma et al.
1995). There are likely to be differences between patients who have restorative
surgery and those who need surgery for cancer. In one study of patients following
cardiac surgery (n = 534), the Short Form 36 Health Survey (SF-36) showed an
improvement in all eight dimensions at 6-12 months (Yun ef al. 1999). In com-
parison, another study involving patients having undergone thoracic surgery (n =
123) showed that whereas pain and other physical constructs had improved after
one month, mental health, role limitations secondary to mental health and health
perception had not (Mangione et al. 1997).

Patient education

Caregivers as well as patients can experience a wide range of emotions and also
need information related to the length of recovery, lifestyle modification, side-
effects of medication and enhancing quality of life. Caregiver support is crucial in
the post-operative period, but careful preparation is needed so that carers are not
overwhelmed (Jickling & Graydon 1997). If inadequately informed and supported
regarding lifestyle changes resulting from surgery, there may be increased anxiety
for both patient and caregiver, with delayed recovery and increased readmission
rates for the patient.
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Initial patient education must involve instruction on what to expect regarding
sensations, rate of recovery, skills to perform, symptoms to observe for and
contact details for ongoing support. This will help patients to increase their
understanding of how to manage the post-operative course and how to regain
social, family and work roles and return to as active a life as possible. Knowledge
and ability regarding any lifestyle changes should be enhanced, but common
sense should be exercised regarding risk modification in each individual case.

It is important to remember that, for most patients undergoing cardiac and
thoracic surgery, the procedure is not curative. For example, following thoracic
surgery for lung cancer, a realistic plan needs to be devised so that healing is
optimised but the regimen not so rigid that quality of life is sacrificed. An
important objective following CABG will be risk factor modification to slow the
evolution of further pathology that may threaten the coronary artery grafts.
Cardiac surgery does not halt the process of atheroma development and 10% of
saphenous vein grafts are occluded by the end of the first year and approximately
50% of coronary grafts are occluded after 10 years. Although grafts are threatened
in the immediate post-operative period because of technical problems or throm-
bosis, there is accelerated atherosclerosis several months following surgery that
threatens their long-term patency. Patients are therefore prescribed an antiplate-
let, which they should start the day following surgery and continue for life.
Although aspirin has been used successfully for many years, not all patients can
tolerate the drug. An alternative antiplatelet agent is clopidogrel. However, this
must be taken three times daily. Not surprisingly, complicated regimens are
inversely related to compliance and are best avoided (Claxton et al. 2001). Con-
tinued attention to risk factor modification remains important.

Patients are often very worried about the risk of long-term disability associated
with lung surgery (Cykert ef al. 2000). Functional assessment of patients after
health care interventions is becoming increasingly important and there is a need
for a more comprehensive understanding of the effects of thoracic surgery on
patients’ functional and quality of life outcomes (Handy et al. 2002). Patients
requiring resection for lung cancer are likely to have greater impairment of
physical and emotional functioning with poorer psychosocial reserves pre-
operatively and further problems in these areas following surgery. What is clear is
that there is a discrepancy between what doctors consider important post-
operatively (mortality and complications) and what the patient perceives as
important (persistent physical disability) (Handy et al. 2002).

Symptom control

Problems experienced by patients following cardiothoracic surgery are often
related to wounds, pain, fatigue, sleep disturbance and problems with dietary
intake, and these can persist for up to eight weeks (Moore 1995).

The patient will understandably have concerns about the surgical wounds. In
cardiac surgery there may be a sternal wound as well as a donor site where the
graft was harvested. Following thoracic surgery there may be a posterolateral
incision. Although surgical wounds may be smaller as a result of minimally
invasive techniques, the principles are the same. A degree of redness, soreness
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and itching is to be expected during the healing process but excessive discharge,
particularly where there is an unpleasant smell, should be reported. Wounds are
best left uncovered and gently washed with water and non-perfumed soap and
patted dry.

The nurse may need to take time in helping the patient to differentiate between
different types of somatic pain. Chest discomfort following surgery is usual but
the patient may misinterpret this as the return of their old problem, resulting in a
great deal of worry and distress. Chest pain has been identified as the main
variable negatively influencing return to work in cardiac patients (Speziale et al.
1996). Cardiac and thoracic surgery involves major procedures, which are often
lengthy, and this taxes the reserves of most individuals, who often complain of
varying degrees of musculo-skeletal discomfort and profound fatigue.

In the pre-operative period patients must be made aware of the changes to
expect and that these may persist for some time. Instruction may involve helping
to anticipate fatigue as well as strategies to promote adequate rest and sleep.
Heavy work, particularly involving strain at the wound site, should be avoided,
although increasing graded exercise is to be encouraged.

In surgery for cancer the best that the patient can hope for is removal of as much
of the tumour as possible, but for many, some degree of pathology will remain,
possibly contributing to fatigue. The ongoing fatigue experienced by patients is
often a reminder of the ongoing battle being waged against the cancer, and for
those unaware of their diagnosis this can lead to further distress and frustration.
Fatigue can be all-consuming and permeate all aspects of the patient’s existence.
Wendy Harpham, a doctor who developed non-Hodgkin’s lymphoma and has
first-hand experience of the frustration of fatigue following cancer therapy, offers
a deeply personal and valuable insight into the difficulties faced by individuals
(Harpham 1999). She refers to ‘Post-cancer Fatigue’ for the fatigue that persists
when treatment has ended, and argues that the introduction of this additional
terminology for talking about the fatigue that accompanies serious or chronic
illnesses may facilitate healing communication between patients and their health
care teams and/or with families, friends and co-workers.

More often there is a mismatch between inner and outer life ... Survivors often
look better to others than they feel. When patients [with cancer] are bald or
walking on crutches, everyone expects them to have limits. When incisions are
healed and hair has grown back, however, friends and family shower tired
survivors with compliments about how healthy they look, even how energetic
they appear (or sound over the phone) Survivors’ attempts to explain their
fatigue are often greeted with assurances, “Well, you look great!” (Harpham
1999: 183)

Patients who have undergone resection for cancer will need careful follow-up
and the specialist nurse has an important role here. Even when medical treatment
is optimised, problems may still be experienced and the nurse should be
knowledgeable about other resources available when referral is necessary. When
all other avenues seem to have been exhausted, complementary therapy may be of
benefit.
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Exploring cognitions

We ignore the patient’s cognitions at our peril and time should be taken to
explore the patient's concerns and understanding regarding, for example,
causation, treatment expectations and perceived susceptibility/vulnerability.
Cognitions both fuel our emotions and help determine our behavioural respon-
ses. Diary-keeping by the patient provides a record of problems experienced,
including frequency and severity as well as precipitating, exacerbating and alle-
viating factors. Recent episodes can be explored in detail to examine associated
cognitions, behaviours and physiological symptoms. This will help the nurse in
offering possible alternative explanations and help both to identify areas to be
targeted in action plans and to ensure development of more appropriate
strategies.

Motivational interviewing

Exploring cognitions is particularly important in attempting any risk modification
in patients and any lifestyle change cannot be brought about by information alone.
Motivating patients to change their behaviour involves the nurse increasing the
patient’s awareness of the need to change, identifying how to make any changes
and then offering suggestions to maintain this state. Motivational interviewing is a
technique combining both humanistic and behavioural principles and the model
of the change cycle by Prochaska and DiClemente (1984) outlined in Fig. 7.1 offers
a useful framework for this approach. The model has been used widely in
smoking cessation, exercise and other health behaviour.

Cognitions \ Decisional stage Stage of change
e Advantages e Pre-contemplation ]
¢ Disadvantages »| o Contemplation » Behaviour
/ e Confidence e Preparation
Beliefs e Temptation e Action

Fig. 7.1 Stages of change model.

The stages identified in Fig. 7.1 do not always occur in order, nor is there a
predetermined time frame for any change. It is also important to realise that
although someone may have been diagnosed with cardiac or respiratory
disease and perhaps even undergone surgery, they may not be ready to under-
take lifestyle changes. Even in the post-operative period, patients may not have
reached the contemplation stage. Conversely, patients may be shocked by the
urgency of surgery and motivated and committed to making changes to their
lifestyle, such as giving up smoking. Indeed, this action stage may have been
reached before surgery. However, it cannot be assumed that the maintenance
stage will be sustained and movement in either direction is possible in the
change cycle.
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Social learning theory

Another theoretical approach to behavioural change that addresses cognitive
processes is that of social learning theory. Described by Bandura (1977), this
theory has been widely applied to health behaviours and again emphasises the
interplay of cognitions, behaviour and the environment (Fig. 7.2). It suggests that
behaviour change is more likely if there is belief and confidence in one’s ability to
perform the behaviour. This belief, known as self-efficacy, can be influenced by
persuasion from others in social or professional groups, observation and model-
ling as well as by the successful performance of a behaviour, which offers positive
feedback and physiological feedback. Social learning theory suggests that
behaviours can be both learned or unlearned. Therefore learning through
modelling behaviours is an important component of this theory.

Previous experiences
Expectations
Self-control

Coping
Observation
Personal characteristics
Self-efficacy

Heart-healthy diet Physical
Smoking cessation Social
Exercise Cultural
Economic

Fig. 7.2 Factors influencing behaviour, utilising social learning theory.

A patient who has low self-esteem is likely to have lower expectations of their
abilities to modify their behaviours and may be influenced more by environ-
mental conditions that may either facilitate or inhibit the change. For example, a
person with low levels of self-efficacy may not believe they can climb the stairs
following cardiothoracic surgery without getting breathless and so prefer to stay
downstairs. Someone with greater self-efficacy, on the other hand, is more likely
to believe they can perform the necessary skills.

Confidence can be increased through various strategies: observing others,
persuasion and previous experience, and the cardiothoracic surgical nurse can use
these to facilitate the patient’s post-operative behaviours. Studies show that
recovery is enhanced and distress alleviated when patients who have similar
illnesses and who are facing similar procedures are placed together in shared



Returning Home 211

rooms during the period of hospitalisation (Kulik et al. 1996). This not only assists
with the crisis of surgery but also helps prepare the patient for the process of
recovery. It is likely that during such times, similar others are able to offer stan-
dards for emotional and behavioural self-evaluation and may also be a source of
information, coping assistance and role modelling (Helgeson & Taylor 1993).

Theory of reasoned action

The theory of reasoned action (Ajzen & Fishbein 1980) has also been widely used
to predict health behaviours. Underlying this theory is the concept that behaviour
is related to beliefs and intention (Fig. 7.3). Influencing beliefs are the perceptions
of those that we value - spouses, friends, health care professionals. For many
young people, stopping smoking or drinking may involve losing credibility with
friends, perceived as a more powerful reason for continuing than the health gains
from quitting.

Beliefs Attitude
e Behavioural: 'Stopping smoking
'If I stop smoking, my health »| will be good for me'
will improve. Being healthy Intention Behaviour
x;llrkrlnean I am able to go to | wiII' stop . Smoki.ng
smoking cessation
. next week'
e Normative:
'My family want me to stop »| 'Stopping smoking
smoking. | want to please my is the right thing
family' to do'

Fig. 7.3 Theory of reasoned action applied to smoking cessation.

Continuing patient education

In addition to using social cognition models the principles of patient education
referred to in Chapter 4 must continue to be utilised. Awareness of the factors
which facilitate adult learning will contribute towards increased effectiveness of
patient education strategies and it is useful to remember the following:

B Adults’ readiness to learn is influenced by awareness of a problem or a major
life event

m Adults prefer to be self-directed

m They want to participate actively in their learning

m They have past experiences that impact upon learning and can be used as a
learning resource

m They learn by problem solving

m They value information seen as relevant and immediately applicable

Repetition will help to reinforce information given and the use of multimedia is
also likely to enhance both individual and group sessions.
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Facilitating adaptive behavioural responses

There are a number of behavioural responses that the nurse needs to be aware of
and, as identified in Chapter 4, these can be classified as those that are health
promoting and those that are potentially health damaging. Health-promoting
behaviours may involve the patient and carer in learning skills that enable them to
cope with wounds, wound drains (e.g. empyema), drug regimens and so on. The
period before discharge will also offer an opportunity to reinforce self-
management skills in those patients who have co-morbidity such as asthma or
COPD where effectiveness of inhaler technique and peak flow recording can be
checked.

Health-promoting behaviours will also involve lifestyle modification possibly
related to diet, smoking and exercise, with any advice and suggested routines
individualised. It should be remembered that a major component of a person’s
perceived independence is the ability to carry out the activities of daily living. This
is where nursing models can be useful in helping the nurse to identify where
possible deficits exist. Functional ability in the first two weeks following surgery
may be well below the pre-operative status and increase anxiety during this time
(Rudeker & Brassard 1996). Strategies to encourage activity and gain confidence
may assist both the patient and their family through the forthcoming weeks.

Referral to an occupational therapist may be necessary. This will ensure that
everything possible is done to promote self-caring, which, for a small number of
patients, may require a home assessment.

Physiotherapists and nursing staff actively encourage daily exercise by walking
with the patient in hospital and assisting them climb stairs from day 3 onwards.
Levels of exercise can be encouraged in the hospital environment by the ward
layout - walking to the day room or bathroom is frequently longer than the walks
around a house at home. With ever shorter lengths of hospital stay, exercise
regimens are likely to become an important issue that must be addressed by home
care programmes. Patients should therefore be discharged home with an exercise
programme that indicates incremental increases in intensity. This will then guide
the patient and can be reinforced by the nurse at each home visit (Penque et al.
1999).

Behaviours which are health compromising may be indicative of poor coping
and may not be evident at the time of discharge. Assessment on follow-up visits
should involve exploration of this area with both patients and carer. Where dif-
ficulties are being experienced, the nurse will need to check on symptom control,
cognitions and social support. Where behavioural responses are maladaptive,
increasing distress for both patient and carer, referral to a counsellor or cognitive
behavioural therapist may be necessary.

Social support

Social support has been associated with decreased cardiac mortality, better phy-
sical and psychological status of cardiac patients and their caregivers, and better
adherence to treatment regimens (Moser 1994). In most chronic illness groups,
social support is a crucial factor in helping patients to cope. It is not known exactly
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how social support contributes to health status but emotional support, esteem
support, sense of belonging, instrumental support and informational support are
all likely to have cognitive effects by improving self-esteem and perhaps
behavioural effects by making it easier to adopt healthier lifestyles (Amick &
Ockene 1994).

Historically, much external support was perceived to come from a spouse
providing both emotional and tangible support. Indeed, early work on recovery
from cardiovascular disease has demonstrated improved outcome and reduced
mortality and morbidity following a myocardial infarction in those patients that
were married (Moser 1994), while others have suggested that social support may
be an important factor in preventing coronary heart disease (Tilden & Weinert
1987; Riegal 1989). However, the nature of the support offered by the spouse was
not investigated until more recently. Similarly, social networks were assumed to
provide positive forms of support without any prior evaluation of the nature of
networks. Some relationships within networks, however, may not provide sup-
port but indeed act as a stressor. For example, a large social network may leave the
recipient with a feeling of indebtedness that could provide a negative element and
be counterproductive. Social relationships are changing and we can no longer
think in terms of the traditional family. More research is needed into the role of
social support and how this can be enhanced across a wide range of diverse family
units.

Support groups have been used to provide an external mechanism of support
for people with a chronic illness and may be associated with national organisa-
tions such as the British Cardiac Patients Association and Breathe Easy (British
Lung Foundation). Through national or regional meetings they may offer support
in the form of education, learning from others and possibly even teaching those
undergoing similar experiences. Although assumed to have a positive effect upon
adjustment to a chronic illness or recovery, the evidence is scarce.

Effective performance of various social roles is important in shaping our self-
concept and self-esteem outlined earlier in this chapter. Difficulties with symp-
toms, changing self-concept and poor communication between partners may lead
to problems with intimacy following surgery. Yet loss of intimacy within a
relationship can further erode the patient’s former self-concept, resulting in
feelings of poor self-worth with low self-esteem (Margereson 2001).

Sexual dysfunction is not uncommon in someone with cardiovascular disease,
possibly caused by medication (such as beta blockers), fear and anxiety, in either
the patient or their partner. Yet the risk of an adverse cardiac event is low, with the
risk of triggering a myocardial infarction in patients with a history of coronary
heart disease of 2.9%. This is not significantly higher than in those with no history
of the disease (2.5%) (Muller et al. 1996). Elsewhere it has been suggested that
sexual activity with one’s normal partner is no more stressful to the heart than
many other activities such as walking one mile or climbing a flight of stairs (Tardif
1989; Jackson et al. 1999). Therefore, following successful surgical revacularisation,
patients should be encouraged to resume previous sexual activity. In addition,
when encouraged to take regular exercise, this small risk may be reduced still
further to equate with those without a diagnosis of coronary heart disease (Muller
et al. 1996). It is therefore useful to counsel patients and their families regarding
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resumption of normal sexual relationships. Although Sildenafil (Viagra™) is now
available to help men with erectile dysfunction, this cannot be used alongside
nitrate therapy or in patients with low blood pressure.

Expressing sexuality is an important activity of daily living, and following
cardiothoracic surgery the nurse should reassure the patient and partner that any
sexual concerns are legitimate. Sexual issues are often ignored in health care
encounters but should be explored just like any other activity of daily living.
Neither should it be assumed that only married patients have such concerns.
Intimacy in a close relationship is important to all, including the elderly, those in a
partnership and those living alone as well as those with chronic illness/ disability.
Addressing sexual issues post-operatively may simply involve giving information
about the effects of surgery and medication on sexuality, together with general
guidance on sexual health. Other issues to be addressed may include conserving
energy, controlling physical symptoms, the importance of touch and commu-
nicating more openly with partners about sexual needs. Effective control of
symptoms such as pain, dyspnoea, insomnia, fatigue and anaemia is important.
Some problems of a physical nature may need to be addressed by the doctor.

Specialist nurses working in a cardiothoracic setting must ensure that they are
able to offer appropriate guidance where patients are experiencing difficulty with
intimacy, but where there are complex psychosocial factors involved then referral
to specialist support may be needed

Support strategies

Hospital at home

One solution for managing the trend towards shorter and shorter hospital stays is
‘hospital at home” schemes. In the current health care climate where hospitals are
reserved for the very ill and there is ever increasing pressure on beds, we must
look to alternative models of care to achieve the desired outcomes from surgery.
Hospital at home models frequently rely upon care pathways and protocols. The
care pathway will describe the typical course of treatment and should be designed
by a multi-disciplinary team. This will ensure that the hospital at home scheme is
not managed solely by the nursing staff but retains the multi-professional
approach to care that would otherwise have been provided in the hospital. The
use of a pathway also facilitates coordinated care by the practice nurse/district
nurse/heath visitor. Some hospital at home schemes utilise hospital staff to pro-
vide an outreach service. Although this may ensure continuation between hos-
pital care and the home it does not necessarily promote the continuation of care
into the community. Adopting a similar shared care approach to that advocated
during the wait for cardiac surgery may be an appropriate and more cost effective
service.

An effective system of care will ensure that the person responsible for indivi-
dualising the pathway has attended ward rounds and become familiar with the
patient and their operative procedure. While in hospital, patients are frequently
anxious and any detailed information regarding medications, exercising and chest
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physiotherapy may be more effective if undertaken once anxiety levels have
decreased in the home care setting. Good glucose control in the diabetic patient is
seen as increasingly important in delaying atheroma formation and therefore in
delaying coronary graft occlusion, and patients may be discharged on insulin.
When this is a new skill for the patient and their family, home support for edu-
cation, reinforcement and supervision may be necessary.

When instituted carefully, home care can bridge the continuum of care between
the inpatient phase and the community, and continue to assist recovery from
surgery with attention to possible lifestyle changes. The costs of care may be
higher than conventional hospital care with no significant differences in outcome
(Penque et al. 1999). However, home care does leave a hospital bed free for another
patient. How it shifts the scarce personnel resources is unclear and warrants
further study.

Yet home care places a greater burden of responsibility upon the caregiver.
Research related to the family experience with a chronic illness identifies four
major ways in which the caregiver may impact upon the health of the patient.
These include, the disease process itself, symptoms, degree of disability and the
patient’s emotional response (Kerns & Weiss 1994). Following surgery the family
can remind the patient about medication, physical exercise and deep breathing
regimens influencing recovery and assisting in symptom control. Providing
support and encouragement to continue with social activities or return to work
may include driving the person to work or on shopping trips. This is likely to
impact favourably upon well-being and self-esteem, reduce anxiety and depres-
sion and contribute towards recovery. But for the carer the burden may be further
increased as this commitment may involve significant investment in terms of
emotion and time. Families, therefore, not only play an important part in the
rehabilitation of the patient following cardiothoracic surgery, but are also affected
themselves, possibly developing feelings of anger or depression. Before discharge
home, it is therefore important to consider the home situation and, if necessary, to
arrange for a period of convalescence. This should be assessed prior to hospital
admission so that discharge planning can begin. Hospital discharge should not be
delayed for social reasons.

Telephone support

Telephone calls following hospital discharge have been used without demon-
strating any reduction in anxiety and depression (Roebuck 1999), although they
may provide a ‘feel-good factor” (Johnson 2000). Utilising technology to provide a
more formal system of care may result in positive benefits to both reduce post-
operative anxiety in the patient and their family and facilitate empowerment. One
such model has been used in the USA for chronic disease management that may
prove useful for the post-operative patient. ‘Home talk’, a disease management
system, telephones the patient with pre-programmed questions and at scheduled
times (Stricklin et al. 2000). The patient responds with a touch-tone reply and the
nurse is notified of the results. Although this may be viewed as an impersonal
service and open to error, it provides a service of home care that utilises current
technology.



216  Chapter 7

Another model of care is that of ‘tele-home care’. Used widely for chronic
disease management (Bowles & Danskey 2002), episodic care (Yerge-Cole 2001)
and recovery from surgery (Brennan et al. 2001), it can assist early discharge. Here,
booklets, tapes and videos can be used to provide information and reinforce skills
such as breathing techniques or other behaviours. Self-monitoring of physio-
logical parameters, such as oxygen saturation levels, blood pressure and ECG are
facilitated and the data reported via a tele-link to health care staff. These staff can
then advise the patient of any necessary alterations to their treatment and medi-
cation. Tele-home care enables patients to be self-directed and to actively parti-
cipate in the recovery and rehabilitation process. It also enables the health care
provider to reinforce information and to individualise and monitor regimens.

Not all patients following cardiac or thoracic surgery will complete a formal
rehabilitation programme. Provision remains somewhat ad hoc, but where such a
programme is available, it can contribute to the patient’s recovery. The next sec-
tion outlines the principles of rehabilitation.

Cardiac rehabilitation

Following cardiac surgery, angina may be abolished or significantly reduced yet
quality of life frequently is disappointing. Many patients either fail to return to
work or do so for only a few months. As the aim of cardiac rehabilitation includes
the improvement of physical, social and psychological functioning (Thompson et
al. 1996),it appears appropriate to consider the inclusion of the person following
cardiac surgery into the growing number of cardiac rehabilitation programmes
already developed to care for the person following myocardial infarction (MI).
Indeed, the National Service Framework (DoH 2000) identifies the need for such
programmes to widen their entry criteria to include those who have undergone
cardiac surgery. Reported benefits of cardiac rehabilitation include enhanced
physical fitness, increased confidence and improved health perception (Thomp-
son & Lewin 2000), and a large meta-analysis of trials following MI demonstrated
that cardiac rehabilitation significantly reduces cardiovascular mortality
(O’Connor et al. 1989). However, the benefits for the person following cardiac
surgery are less clear.

Evidence suggests that exercise improves graft patency and that an exercise
programme should be commenced as soon as possible following surgery, possibly
as early as the first two weeks (Nakai et al. 1987; Carrel & Mohacsi 1998). More
recent work has demonstrated that although cardiac surgery improves myo-
cardial ischaemia and functional capacity, when followed by a phase III cardiac
rehabilitation programme 6-8 weeks following surgery, functional capacity
improved only marginally (Ross ef al. 2000; Sharma & McLeod 2001) or not at all
(Wright et al. 2002). However, one important issue must be considered here.
Cardiac rehabilitation services in the UK have mainly developed to meet the
needs of patients following a MI and although providing this service at 6 weeks
may be appropriate for this group, further work is necessary to determine the time
at which rehabilitation following cardiac surgery provides maximum benefit.

Complete healing of the sternal wound following traditional cardiac surgery
may not be complete until 6 weeks following surgery, and so certain precautions
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may be necessary for the person who starts earlier forms of exercise. Therefore,
when encouraged in the early stages of recovery, exercises should avoid uncon-
trolled movements of the shoulders and arms, and swimming is best avoided until
the wound is dry (Carrel & Mohacsi 1998). Where there is some degree of reduced
left ventricular function, it is advisable to wait 3-6 weeks before commencing an
exercise-based programme (AACPR 1999). In health, moderate exercise will
increase heart rate and myocardial contractility (Skarvan 2000), whereas in ill
health, moderate increases in heart rate may prove harmful.

The exercise effect

Exercise, both dynamic (isotonic) and static (isometric) has long been associated
with cardiovascular benefit. As exercising muscles need more oxygen, the cardiac
output increases (through increased heart rate and stroke volume) and the arteries
of exercising skeletal muscle vasodilate. The heart rate increases through sym-
pathetic nervous system activation, while changes in the stroke volume occur
through increased skeletal muscle pump activity and constriction of the skeletal
veins. Both these factors contribute towards an increased preload to the heart.
Even when not competitive, exercise increases catecholamine release with both
inotropic and chronotropic cardiac effects. Applying the principles of the Frank-
Starling law (see Chapter 3, page 55), it is clear how, through alterations in both
the preload and inotropic state, the exercising heart shifts the curve upwards and
to the left and contributes towards an increase in cardiac output.

Dynamic exercise involves rhythmic contraction and relaxation of the muscles
through activities such as walking or jogging. The systolic blood pressure is likely
to rise while the diastolic pressure remains largely unchanged (Smith & Kampine
1990) or may even decrease slightly as the vasculature of the exercising muscles
dilates. Exercise training that involves dynamic exercise increases the ventricular
cavity size and so may provide cardiovascular benefit, and 20-30 minutes of
exercise, three times per week may provide these benefits (Smith & Kampine
1990). This concurs with the current guidelines for exercise-based cardiac
rehabilitation (DoH 2000). The National Service Framework for CHD suggests a
period of 40 minutes which should include a warm-up and cool-down period
either side of the exercise. Warm-up and cool-down are important. Dynamic
exercise increases the activity of the skeletal pumping system and will increase
venous return. It is therefore important that the heart rate is gradually slowed so
that this increased venous return does not overload a failing heart.

In static exercise, such as resistance training, the muscles are maintained in a
state of contraction, afterload is increased and the diastolic and systolic blood
pressure may increase. Lifting a heavy shopping bag following cardiac surgery
will invoke this same static exercise response, increasing the blood pressure, heart
rate and consequently increasing myocardial oxygen demand. Following surgery,
patients should therefore be advised to avoid lifting weights greater than 10 kg. If
cardiac surgery follows a period of immobility, the muscles will have become
deconditioned and lifting even 10 kg may be difficult. In such instances the weight
lifted should be slowly increased. An important feature of cardiac rehabilitation is
to restore the ability to perform previous social or work activities.
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The trained heart is able to decrease diastolic pressure and so decrease myo-
cardial oxygen demand and possibly reduce angina. Unfortunately these benefits
are rapidly lost following a few weeks of inactivity. Rehabilitation therefore is
useful to establish a pattern of exercise that affords cardiovascular benefit, an
improved lipid profile and reduces blood pressure and weight while enhancing
well-being.

Exercise issues for the diabetic patient

With the increasing number of people diagnosed with type 1l diabetes and the
increased likelihood that they will have undergone revascularisation for CHD,
specific attention to encouraging exercise in this population needs to be con-
sidered. Diabetic patients may have peripheral neuropathies and are at an
increased risk of silent ischaemia. They may also have autonomic neuropathy and
orthostatic hypotension. All these may influence the exercise regimen and
patients should be advised to report any dizziness or excessive sweating at an
early stage in their exercise, while staff should be vigilant to observe for early
signs of myocardial ischaemia. Maintaining safety during bouts of exercise is
particularly important, therefore. Both low and high blood sugar levels may also
occur in response to exercise. Pre-exercise blood sugar levels of >7 mmol/I and
<12.0 mmol/1 should ensure safe exercise. Patients should also be advised to
avoid exercising within two hours following a meal and, if using insulin, to inject
into their abdomen rather than an exercising muscle.

CPB and cognitive dysfunction

Another consideration following cardiac surgery is the rehabilitation of someone
who has some degree of cognitive dysfunction associated with cardiopulmonary
bypass. An exercise-based rehabilitation programme has been shown to improve
motor skills (Ng & Tam 2000) which may minimise any minor motor skills deficits
encountered post-operatively. For the patient who has experienced a more pro-
found neurological insult such as a cerebrovascular accident, more intense and
prolonged rehabilitation to restore motor function will be required.

Encouraging attendance at cardiac rehabilitation

However, despite the proven benefit of cardiac rehabilitation following MI
(Oldridge et al. 1992; Heller et al. 1993) poor attendance rates, particularly
among women and ethnic minority groups, persist (Ades et al. 1992; Thomas et
al. 1996). Increasingly it is recognised that regular attendance is less likely in the
elderly, women, those in the lower socio-economic groups and in those living
some distance away from the programme, and this has led to the development
of home-based rehabilitation. Additionally this may be useful for those who
return to work following their surgery and would prefer to undertake exercise
in their own time. However, home-based rehabilitation does not offer the same
benefits in terms of social support and networking and motivation may be
reduced as a result.

Another factor that has been noted to reduce the uptake to cardiac rehabilitation
following an Ml is if the person has previously attended (Melville et al. 1999). Not
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all patients undergoing cardiac surgery will have experienced an MI, but for those
that have, and who have previously attended cardiac rehabilitation, the focus of
the programme must be stressed. It will enable them to revisit stress management,
self-care behaviours and gain confidence in exercising thereby improving their
chances of a successful outcome to the operation.

Increased hospital readmissions and outpatient or community services may
offset any economic benefit gained by earlier discharge home (Lazar et al. 2001).
However, following an effective cardiac rehabilitation programme the patient will
have learnt skills to care for themselves and monitor their condition and so benefit
from the reduced hospital stay.

It has become well established that women are less likely to attend cardiac
rehabilitation, have greater negative emotions and less social support (Moore
1995). Women's exercise patterns also tail off following cardiac surgery and for-
mal rehabilitation (Moore et al. 1998). This makes clear the need for an extended
period of rehabilitation. Brennan et al. (2001) introduced the idea of the ‘heart
health programme’ to provide extended rehabilitation and provided information
in a step-by-step process. The first two weeks focused on recovery and wound
care, progressing to functional ability by week 3. The focus of the programme by
7-12 weeks was on returning to work, social activities and any lifestyle changes.
This internet-based programme allowed health care staff to input individual
profiles, monitor response and offer on line support.

Pulmonary rehabilitation

Whether or not a formal rehabilitation programme is appropriate for patients
following thoracic surgery will depend on a number of factors, not least the
diagnosis and surgical procedure performed. It is likely that only a small number
of patients will enter a formal rehabilitation programme and careful selection is
important. The focus in pulmonary rehabilitation is different from that on other
programmes and involves assisting the patient reach maximal potential within the
limits of their own disease and being able to live with a respiratory disability with
improved quality of life (Rudkin 2001). Programmes might include some of the
following components:

Chest physiotherapy with the teaching of effective breathing exercises
Improving general posture and fitness

Pharmacological management

Nutritional intake

Occupational therapy (energy conservation and work simplification)
Counselling and support

Pulmonary rehabilitation frequently includes some form of respiratory exer-
cises combined with education and has been found to significantly improve
exercise endurance and perception of dyspnoea in chronic lung disease. It is this
patient group where most research has been carried out, but pulmonary rehabi-
litation may be suitable for some patients before and after lung resection, lung
transplantation and volume reduction surgery (Singh 1997). Gentle exercise may
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increase confidence and sense of well-being even though there may be no objec-
tive improvement in pulmonary function. Chest wall pain as a result of surgery
can lead to stiffness and be very debilitating, and benefits may be gained from
postural awareness education and techniques involving muscle and ligament
stretching (Phillips & Allanby 1998). Physical therapy may also help to prevent
poor posture where there is a lateral thoracotomy incision. When exercising under
supervised conditions, the patient may become less fearful of dyspnoea and this
may be due to a degree of desensitisation. Using self-efficacy theory the strength
of belief about one’s ability influences outcome and may therefore form a useful
basis for a modified pulmonary rehabilitation programme for patients following
thoracic surgery.

Respiratory muscle training has been investigated for its effect when imple-
mented as a part of pulmonary rehabilitation (Riera ef al. 2001). By increasing
muscle strength the sensation of respiratory effort will be reduced as will anxiety.
There is limited evidence that respiratory muscle training alone will impact upon
exercise capacity and quality of life and so should be just one facet of a compre-
hensive programme (Lacasse et al. 1997). Skills training such as breathing exer-
cises, strategies to reduce dyspnoea and improve functional ability may assist
with retraining and so reduce distress and anxiety associated with breathlessness.
Health promotion is still an important area, and although the zeal with which risk
modification teaching is taught may need to be tempered, guidance is still
necessary on how to optimise health potential associated with activities of daily
living.

Promoting patient confidence

An important factor determining success of all strategies previously explored is
the relationship between patient and health provider. Hopefully, patients are no
longer passive recipients of health care, but if self-management is to become more
than rhetoric then health professionals need to look at how, often unintentionally,
they may still be fostering a degree of paternalism.

Most developed countries are having to develop more effective health strategies
to cope with the ever increasing numbers of chronically ill within their popula-
tions. In the UK the idea of the ‘expert patient’ was set out in the government’s
1999 White Paper Saving Lives: Our Healthier Nation (DoH 1999). Self-management
initiatives are seen as crucial where patients can become key decision makers in
the treatment process. Self-management programmes can be specifically designed
to reduce the severity of symptoms and improve confidence, resourcefulness and
self-efficacy. Developments such as this have taken place over the past 20 years
with growing recognition that patients with chronic disorders deal with common
issues such as pain management, stress and a need to develop coping skills on a
daily basis. Topics addressed in programmes, therefore, must include cognitive
factors, symptom management, exercise, nutrition, problem solving and com-
munication with professionals. An important aspect of these programmes is that
there are trained lay people with chronic illness as tutors, and they can operate at a
number of different levels:
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Hospital

Primary care

Patients” organisations

Health and social care professionals

As we have explored in this chapter, patient self-management is not simply
about educating patients about their condition: it also involves their developing
the confidence and motivation to use their own skills, information and pro-
fessional services to take effective control over life once discharged from formal
health care.

In North America the increase in patients with chronic illness has led to the
emergence, in primary care settings, of patient care teams in disease management
(Wagner et al. 1997; Wagner 1998). Indeed, there is increasing international sup-
port for such an approach where similar problems have been encountered,
including uncoordinated arrangements for delivering care, a bias towards acute
treatment, a neglect of preventive care, and inappropriate treatment (Hunter
2000). Patient care teams may involve professionals outside the group of indivi-
duals working in a single practice, may involve multiple practices including
primary and specialist care, or may involve multiple organisations, such as a
general practice and a community agency (Wagner 2000). The effectiveness of this
approach is often enhanced where nurses are involved in case management.

Figure 7.4 identifies possible support mechanisms for patients following sur-
gery and highlights the many opportunities available for collaboration between all
sectors and professionals. There is an assumption that budgets are pooled and
primary, social and community services are under the same roof. Currently,
however, although progress is being made in some areas, geographical, pro-
fessional and philosophical divisions still need to be overcome for seamless care to
become a reality.

Self-management, by addressing skills acquisition and cognitive and social
determinants of behaviour, can improve patient motivation and confidence.
Specialist nurses are ideally placed to play an active role, with success already
demonstrated in patients following MI (DeBusk et al. 1994), and in elderly patients
with congestive cardiac failure (Rich ef al. 1995). Specialist nurses may be parti-
cularly effective in managing the complex needs of the cardiothoracic surgical
patient in collaboration with other providers in the primary care setting. Pro-
spective studies are needed to explore the home care needs and health patterns of
cardiothoracic surgical patients in more depth, using standardised instruments to
examine the relationships between function, cognition, psychosocial variables,
symptoms and outcomes of home care (Redeker & Brassard 1996).

In the past decade great emphasis has been placed upon education and coun-
selling as a part of rehabilitation, and as the period of hospitalisation has
decreased, such education is increasingly undertaken on an outpatient basis.
Improved knowledge about slowing disease progression has been translated to
the patient through education. However, cognitive information alone is insuffi-
cient to bring about disease retardation and skills training or retraining and
motivation are important components of this aftercare. New technologies, such as
electronic databases and software, can also be utilised to enhance the delivery of
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care to the person returning home after major cardiothoracic surgery. These
technologies can facilitate the tracking of patients and the information they have
received, can store data regarding the process of recovery and provide data for
evaluation and audit. Additionally, they can be used to provide high quality
instructions to the patient from a distance, tailored to their process of recovery.

Finally, health care providers need to be innovative in their approach in sup-
porting patients once discharged. There are exciting possibilities for cardio-
thoracic surgical nurses, especially as traditional boundaries are being removed
with real possibilities in the development of collaborative delivery models
between primary and secondary sectors.
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fatigue following surgery, 68, 208
fentanyl, 104
Fick’s law, 37
fit for surgery, 72-97
fluid and electrolyte changes
hyperkalaemia, 174
hypermagnesaemia, 175
hypernatraemia, 174
hyperphosphataemia, 175
hypokalaemia, 174
hypomagnesaemia, 175
hyponatraemia, 174
hypophosphataemia, 175
osmolality, 168
osmolarity, 168
pulmonary oedema, 166-7
fluid balance, 166-8
fluid challenge, 171-3
reasons for, 169
fluid replacement
colloids, 170-71
crystalloids, 170
forced expiration technique, 159
Frank-Starling law, 55-6
functional residual capacity, 30
factors affecting, 33

gastrointestinal complications following
cardiac surgery, 150

Goldman multifactorial cardiac risk index,
90

Graham’s law, 37

haemodynamic changes, 61, 136-41
haemodynamic manipulation, 142-5
healing
promotion of, 190
rest and sleep, 190
health beliefs and behaviour change,
209-214
heart valves, 108-110
Henry’s law, 37
hibernating myocardium, 136
high flow oxygen devices, 159
histamine, 61
history of cardiothoracic surgery 1-3
hospital at home, 3, 214-16
hypotension, 61
hypoxaemia, 26, 132-3, 154, 156-8, 161-2
hypoxic pulmonary vasoconstriction
(HPV), 36
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during thoracic surgery, 122

immunosuppression via stress response,
67

incentive spirometry, 160

infection, postoperative, 182-9

inotropes, 142-6

internal mammary artery, 105-116, 186

intra-aortic balloon pump, 81, 137

ischaemic preconditioning, 114-15

kinins, 61

locus of control, 96

low flow oxygen devices, 159
lung compliance, 31

lung volumes, 30

lung volume reduction, 124

magnetic resonance imaging (MRI), 79

mechanism of breathing, 29

mediastinoscopy, 79

mediastinotomy, 79

Medical Research Council dyspnoea scale,
94

metabolic acidosis, 45

metabolic alkalosis, 45

milrinone, 143

minimally invasive surgery, 106-107

mixed venous blood, 40

motivational interviewing , 209

multi-professional working, 3-4

myocardial ischaemia, 114-15, 136, 139-40

myocardial preservation, 111-16

myocardial stunning, 136

myosin, 48-9

National Service Framework, 1-3, 216-17

New York Heart Association functional
classification scale, 93

non-adrenergic non-cholinergic (NANC)
nerves, 34-5

neurohormonal mechanisms, 34, 168

neurological issues following cardiac
surgery, 148-9

nitrates, 145

nitric oxide, 35, 46, 61

norepinephrine, 144

nuclear imaging, 77

nurse education, 2-5

nurse-led clinics, 69-89



230  Index

oncotic pressure, 166-7

oxygen capacity, 38, 130
oxygen consumption, 40, 130
oxygen content, 38-40, 156-7
oxygen delivery, 39-40, 130, 157

oxygen demand, see oxygen consumption

oxygen supply, see oxygen delivery
oxyhaemoglobin, 38

oxyhaemoglobin dissociation curve, 39-40

pain
assessment, 177-8
‘balanced analgesia’, 177
complementary approaches in, 183
Entonox, 181
epidural, 180-81
intraoperative, 104
local anaesthetics, 180
NSAIDs, 178
opioids, 178-9
patient-controlled analgesia, 179-80
physiology, 173-6
post-operative, 178-81
respiratory depression, 180
sedation, 181
stress response, 176-7
Parsonnet score, 90-91
patient-controlled analgesia, 179-80
patient education, 69-72, 206-214
pre-operative, 71-2, 96
returning home, 205
risk modification, 12-19, 96, 212
topics for, 71
peak expiratory flow rate (PEFR), 85-6
phosphodiasterase inhibitors, 143
physiology
acid-base balance, 42-5
actin, 48-9
action potential, 50-51
adenosine triphosphate, 26
afterload, 55-6
airway closure, 32-3
airway epithelium, 33
alveolar ventilation, 30
atrioventricular valves, 46
blood pressure maintenance, 59-60
Bohr effect, 42
Boyles’s law, 30
calcium channels, 51
capillary bed, 57-8
carbon dioxide transport, 41-5

cardiac cycle, 51-3

cardiac physiology, 45-56

cardiac output, 51-6

cardiovascular regulatory mechanisms,
56-62

chloride shift, 42-3

compliance, 31

contractility, 53-5

coronary arteries, 46

coronary blood supply, 46-7

cyanosis, 41

cytokines, 34

Dalton’s law, 29

electrical conduction, 49-51

endothelial derived constricting factor
(EDCF), 46

endothelial derived relaxing factor
(EDREF), 46

Fick’s law, 37

Frank-Starling law, 55

functional residual capacity, 33

Graham’s law, 37

Haldane effect, 42

Henry’s law, 37

hypoxic pulmonary vasoconstriction, 36

kinins, 61

Laplace law, 55, 56

mechanism of breathing, 29-30

metabolic acidosis, 44-5

metabolic alkalosis, 44-5

neurohormonal mechanisms, 34-5, 61

myofibrils, 48-9

myosin, 48-9

nitric oxide, 36, 46, 61

non-adrenergic non-cholinergic nerves
(NANC), 34-5, 61

oxidative phosphorylation, 26

oxygen capacity, 38

oxygen consumption, 40, 130

oxygen content, 38-40, 156-7

oxygen delivery, 39-40, 130, 157

oxygen demand, 62

oxygen supply, 62

oxyhaemoglobin, 38

oxyhaemoglobin dissociation curve,
39-41

preload, 53-5

prostacyclin, 61

prostaglandins, 61

pulmonary blood flow, 35, 58

resistance, airway, 32-3



respiratory, 26-45
respiratory acidosis, 43-5
respiratory alkalosis, 44-5
resting membrane potential, 51
semilunar valves, 45
sodium channels, 50-51
surface tension, 31-2
surfactant, 31-2
systemic arterial system, 57
thoracic cavity, 27
transport of gases, 37-9
transpulmonary pressure difference, 28-9
troponin, 48-9
tropomysin, 48-9
vasoactive intestinal polypeptide (VIP),
61
vasoactive regulation, 60-61
venous circulation, 58
ventilation/ perfusion relationships, 36-7
ventricular end-diastolic volume, 53, 55
work of breathing, 30-33
physiotherapy, 158-60
pneumonia, nosocomial, 152
positron emission tomography (PET), 79
postoperative care (cardiac surgery)
arrhythmias, 141, 203
atrial fibrillation, 147
bleeding, 138-41, 203-204
cardiac tamponade, 138, 146, 202-203
coronary artery spasm, 140, 203
haemodynamic problems, management
of, 146, 202-203
haemodynamic status, 136, 202-203
low cardiac output, 147, 202
oxygen therapy, 133, 158, 204
pacing, 148
pain, 172, 177, 180-83
pharmacological support, 142-5, 202-203
weaning from mechanical ventilation,
135
wound care, 185-92
postoperative care (thoracic surgery)
dysrhythmias, 155
fluid and electrolyte changes, 165
haemodynamic status, 154
hydration needs, 155
hypotension following, 152
infection, 153
oxygen therapy, 133, 158
pain control, 172, 177-83
pharmacological support, 142-5
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pulmonary difficulties, 152, 154, 156-8
recovery from anaesthesia, 151
wound care, 185-92
pre-admission clinic, 69-89
pre-emptive analgesia, 178
preload, 53-5
preparation for surgery, 69-97
procedural information, 71
propofol, 104, 134
prostacyclin, 61
psycho-social assessment, 94-7
pulmonary circulation, 35-6, 58-9
pulmonary effects of cardiothoracic
surgery, 132
pulmonary status, optimising following
surgery
administration devices, 159
chest drainage, 163
continuous positive airway pressure, 161
non-invasive positive-pressure
ventilation (NIPPV), 162
oxygen therapy, 133, 158
pre-admission clinic, 69-70
pre-load, 53
factors affecting, 54
pressures, 59
promoting healing postoperatively, 190
prostacyclin, 61
psychosocial assessment, 94-7
pulmonary rehabilitation, 219-20

rehabilitation, cardiac, 205-219
home-based, 214-16
pulmonary, 205-216, 219-20
renal dysfunction following cardiac
surgery, 149
reperfusion, 114
respiratory acidosis, 45
respiratory alkalosis, 45
respiratory disease
bronchiectasis, 10
chronic obstructive pulmonary disease
(COPD), 10
cryptogenic fibrosing alveolitis, 11
interstitial lung disease, 11
lung cancer, 10
morbidity, 9
mortality, 9
respiratory failure, 157
rest and sleep, 190
restrictive ventilatory pattern, 11
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risk factors
age, 17
alcohol, 15
blood pressure, 15
coagulation factors, 16
cholesterol, 14
ethnicity, 20
family history, 17
homocysteine, 16
hostility, 19
infant origins, 20
inflammatory markers, 16
insulin resistance, 20
obesity, 16, 87
personality type, 19
physical inactivity, 16
psychosocial factors, 18
sex, 17
smoking, 14
social class, 19-20
social support, 19
stress, 18-19
triglycerides, 13
risk-stratification for surgery, 89-94
APACHE, 91-2
Goldman, 90
NYHA, 92
Parsonnet, 90-91
TISS, 92

saphenous vein, 106
sedation, 134-5
self-efficacy, 210
self-management, 220-21
sensory information, 71
sexual issues
sexual dysfunction, 213-14
sex differences, 72
smoking
causal risk factor, 14
pack years, estimation of, 84
pulmonary risk for surgery, 84-5
social learning theory, 210-11
social support, 212-13
specialist nursing, 2-5
spirometry, 85-6
stages of change model, 209
staging in lung cancer, 82-3
Starling’s law, 55-6
stress and anxiety, 66-9
management 74, 94-7

risk factor, 18-19
‘stripping’ chest tubes, 164-5
stunned myocardium, 136
support groups, 213-16, 222
surface tension, 31-2
surfactant, 28
systemic pressures, 59

telephone support, 215-16
theory of reasoned action, 211
therapeutic intervention scoring system,
(TISS), 92
thoracic surgery
decortication, 119
developments in, 2
interventional bronchoscopy, 121
lobectomy, 118
lung transplant, 120
lung volume reduction, 120, 124
oesophagectomy, 119
physiological changes during, 122-3
pleurectomy, 119
pleurodesis, 119
pneumonectomy, 118
positioning during, 117
pulmonary changes following, 131
segmentectomy, 118
thymectomy, 121
video-assisted thoracoscopic surgery
(VATS), 120, 123-4
wedge resection, 118
thoracoscopy, 80
thromboxane A,, 61
tissue oxygenation, 26, 62
transport of gases, 37
transpulmonary pressure difference, 28
tropomysin, 48-9
troponin, 48-9

vasoactive agents, 60-61

vasoactive intestinal polypeptide (VIP), 61

ventilation perfusion relationships, 36-7,
132-3, 154,

video-assisted thoracic surgery (VATS), 123-4

women
education, 72
rehabilitation, 218-19
work of breathing, 30-31
wound healing
management intervention algorithm, 191
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methicillin-resistant staphylococcus wounds
aureus (MRSA), 189 decubitus ulcers, 189
sternal, 185-7 dressings, 184
thoracotomy, 187-8 empyema, 188
vancomycin-resistant enterococci (VRE), intravascular catheters, 188-9

189
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